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Nitrification during biological filtration is being used more and more in drinking water production to remove
ammonia, which can be the source of several water quality problems during distribution. In this process, ammonia
is converted into nitrite and then into nitrate by fixed autotrophic nitrifying bacteria. The purpose of this work was
to develop a technique to estimate fixed nitrifying biomass (sum of ammonia- and nitrite-oxidizing populations). The
quantification of autotrophic nitrifying biomass was determined by potential nitrifying activity measurement. The
production of oxidized forms of inorganic nitrogen (nitrates and nitrites) was measured after an incubation of 2 cm
of colonized solid support in the presence of a 5-ml nitrifier medium containing 10 mg N-NH 4 L™ for 30 min at 32 °C.
The production rate of oxidized nitrogen in optimal conditions was measured and converted into nitrifying biomass

by using the maximum specific oxidizing activity. This technique was shown to be appropriate for conditions
encountered in the biological filters used in drinking water production and sufficiently simple to be used for routine
measurements. Journal of Industrial Microbiology & Biotechnology (2000) 24, 161-166.
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Introduction nitrite oxidizers [41]. However, some authors [22,23]
reported that nitrification in natural environments and

Removal of ammonia during drinking water production is i?films is complex and they noted difficulty in identifying
required because its presence can be the source of seve ' the microorganisms capable of nitrification in such

water qlrj]a[lgg gr(])blemj du_ring ?ispri_buti%n S.UCh asl baCter.iaenvironments In addition, even though several species of
regrowt ,37], production of nitrites by incomplete oxi- h T - ’ .

X ) - eterotrophic bacteria are able to produce nitrates and
dation of ammonia [19], and production of tastes and Odor?ﬂtrites [17,39], their contribution to total nitrification

[21]. In drinking water production, both physicochemical P : :
. : . eems to be insignificant in comparison to that of auto-
and biological processes can be applied to remov éophic processes,

ammonia. In the first group of processes, ion exchange an

chemical oxidation are of primary concern. The most com—bic;g :)C‘;'rfﬂlﬁs bi'toif%'g?ést;z?Sftc(’) rzgitr:(t)i?y ?r:eanTar?nOIf!it(;rr]s
mon method used is chlorination until break point. During 9 : y

this stage, the ammonia present in the water consumes hiqcﬁmtrollmg nitrification efficiency. Up to now, indirect

chlorine doses [16]. In addition, a high chlorination level . f?gvsvuzﬁtrgfsr][ittiz)ll anﬂgnémg\?v 3&2{2?;& fr? ;;:iﬁg'ﬁrsaﬂgg t;r;g;e
usually induces, by reaction between organic matter an ’ . . ; .
chlorine, the formation of disinfection by-products such as ffe most SC%TmCT)?] t_echnlqtue fused o |nvest|gaétet_th|s
trihalomethanes (THM) [16], known to be potentially car—:a |C|enc%/ [, I]. di € |m;zac S 3 ?mmonf|a conc;’-.jn rar;on,
. : . : ) . temperature, loading rate and time of operation have
cinogenic [12]. At present, biological processes, like bio- .
Itﬁgsicsrloi lé?sti?:g ] saeveérd ‘;’rf&e?:,‘;rﬁkg%ﬁ?ﬂ&%ﬁ?ﬁs?;ﬁligﬂgeﬁ‘dvyegt?gegﬂgﬁ n;?rr]m?ttrri%tceaotlig?fi] n lt;'i?)\;\cl)eg\i/gglt:‘)iltgecr)sflejlﬁzetc)ln
in the distribution system and production of toxic by-pro- inotlrrTalég fg:ésd g:}?}?iag?gﬁﬁ?gﬁ dOng\]g gtrﬁ(r)]trg)gg;:
ducts. In this process, ammonia is converted into nitrate b ' '

autotrophic nitrifying bacteria [10]. Biological nitrification sed for filtration are required. The estimation of biomass

5 o two-step process n wich sequental oxdaion ofou % UEEN 10 erave cur knowiedge of U et
ammonia into nitrite and nitrite into nitrate occurs. P 9 g

NitrosomonasndNitrobacterare the most common genera Cﬁlrifgilﬁlersbio?;sse);?]rgﬁ)tlg,acliivr;cadcaaegg dsif?grvéﬂuthgftfetcrle
of bacteria, known respectively as ammonia oxidizers an 9 Y Y

ed by filter backwashing ([31]; Andersson, Ecole Polytech-
nigue of Montreal, personal communication). Moreover,
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162 nitrifying biomass and activity give information on the with tap water at a temperature of 26°C and free of

physiological state of the biofilm. The purpose of this work nitrites and chlorine but enriched with ammonia at a con-
was therefore to develop a technique to measure fixedentration of 2 mg N-NKEL™. The filtration material was
nitrifying biomass (ammonia- and nitrite-oxidizing colonized by bacteria present in the tap water. The empty
populations), which would be appropriate for the conditionsbed contact time in the columns was 10 min. Fixed biomass
encountered in the biological filters used in drinking watersamples were collected after complete colonization of the
production, on the one hand, and sufficiently simple andsand by both ammonia-oxidizing and nitrite-oxidizing bac-
rapid to be used in routine measurement, on the other hanteria. At this moment, ammonia was completely oxidized
The standard procedure for estimating nitrifying bacterialinto nitrate during filtration.
abundance is the most probable number method (MPN) [4] Samples from a full-scale activated carbon filter were
but this technique considerably underestimates the aburcollected in the St Rose treatment plant (Laval, Quebec,
dance of such bacteria [6]. Moreover, as we were workingCanada). The ammonia concentration entering this second-
with fixed nitrifying bacteria, the use of this technique stage filter ranged between 0.02 and 0.15 mg N;N#H
needed a prior quantitative detachment of the cells, whictand the empty bed contact time was 20-30 min. Water
was difficult to perform [27]. Another technique recently samples were drained from different depths in the filter and
proposed is to estimate nitrifying biomass in the aquaticsolid medium samples were removed from the filter using
environment and in sediments by measuring potentiah core sampler.
nitrifying activity, which is considered proportional to the
biomass [11]. Oxidation of ammonia to nitrate is Potential nitrifying activity
accompanied by CQincorporation for biomass synthesis. Potential nitrifying activity was determined by incubating
By measuring the difference betweéfC-CO, incorpor-  duplicate samples of colonized filtration material in a
ation in two subsamples, one untreated and the other treateutrifying medium [29] (2g L* NaCl, 0.05g L*
with a specific nitrification inhibitor, the carbon incorpor- MgSQ, - 7H,0, 0.5 g L* K,HPQ,, 0.017 g * NaHCQ,,
ation rate by nitrification was determined and the nitroger2 ml L™ of a chelated metals solution [13]), adjusted to pH
oxidation rate calculated knowing the C incorporated/N8.0. This pH value was in the optimal range (7.0-8.2) for
oxidized vyield [7,8,18,33,38]. The disadvantage of thisthe nitrification process mentioned in a literature review
technique for our purposes was the difficulty in performing[3]. We verified that the pH value did not significantly
routine experiments with radioactive compounds in waterdecrease during the incubation. The medium was enriched
treatment plants and the required detachment of the cellwith ammonia chloride (see the section ‘routine procedure’
from the support for measuring incorporated radioactivity.in Results and discussion). Nitrate and nitrite concen-
Recently, the immunofluorescence technique [9] andrations were measured after incubation by a colorimetric
methods based on genomic data using the polymerase chaimethod [25] to measure the production of oxidized
reaction (PCR) [15] have been applied to the detection ohmmonia and thus the nitrification activity of fixed
Nitrobacter in aquatic environments. Newly developed ammonia- and nitrite-oxidizing populations. The colori-
fluorescentin situ hybridization (FISH) [2] has been metric method consists in measuring nitrites before and
applied by several authors for detection of nitrifying bac-after a reduction of nitrates by shaking the medium on cad-
teria in activated sludge [30,40]. However, due to methodomium. In all our experiments, no nitrite was detected before
logical (detection limit, availability of probes for all the reduction on cadmium.
nitrifying species, specificity of the probes, difficulty in
detecting fluorescence on a solid support) and cost probAmmonia
lems, these methods are not yet useful for routine appliNH, was measured in duplicate samples using the indo-
cation. phenol colorimetric method [1]. This method is fairly
The method proposed in this work is based on a direcaccurate £ 3 ug N-NH,L™) at low ammonia concen-
measurement of bacterial potential activity; it is based ortrations (detection limit Jug N-NH, L™).
the fact that the nitrification rate in potential (or optimal)
conditions (temperature, ammonia concentration, pH, oxyzs . .
gen concentration) is proportional to the nitrifying bacterialReSUItS and discussion
biomass colonizing the solid support [6,11]. This approachDetermination of the optimal conditions for nitrifying
is already used routinely for the estimation of fixed hetero-activity
trophic biomass [27]. In our case, the potential nitrifying Nitrifying activity of fixed ammonia- and nitrite-oxidizing
activity was determined from the production rate of oxid- populations was first measured at various temperatures (10—
ized nitrogen (N@and N@). Tests conducted to deter- 35°C). Duplicate samples were incubated in a nitrifying
mine the optimal conditions and the first application to full medium containing 10 mg N-NiCI L™ (Figure 1). The
scale biological filters are presented. optimal temperature was determined by a Gauss function,
which classically fits the effect of the temperature on
microbial process [28]. The optimal temperature was
32.0+ 2.4°C. This value was in the optimal temperature
Origin of the samples range (between 2& and 38C) mentioned in a literature
For the tests presented in this paper, samples of nitrifyingeview for the nitrification process [20].
bacteria fixed onto sand were collected in a pilot filter con- To determine the saturating ammonia concentration,
taining 50 cnd of filtration material. The pilot filter was fed duplicate samples of sand containing fixed nitrifying bac-

Materials and methods
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0.025 linear for about 60 min, then the nitrifying activity 163

decreased until the substrate was completely oxidized
(Figure 3). An incubation period of 30 min seemed reason-
able for our experimental conditions. As this incubation
time was lower than the minimum generation time of the
nitrifying bacteria {; = 15-70 h) [14], the production of
oxidized nitrogen measured was due only to the biomass
present at the sampling time.

Nitrification is a two-step aerobic chemoautotrophic pro-
cess, which consumes important quantities of oxygen. The
theoretical value of oxygen consumption for complete nitri-
fication is 4.27 mg @mg™? N-NH,. To oxidize ammonia
completely into nitrate, a minimum concentration of 4 mg

0.020

0.0151

Tom = 32.0 +/-2.4°C

0.0107

0.0051 x

Nitrifying activity (mg N-(N02+NO3)I(h*cm3'))

0.000 - . - - . . O, L™ in the incubation system is necessary to avoid a
0 10 20 30 40 decrease in effectiveness of the transformation and thus for-
Temperature (°C) mation of nitrite [26]. In order to ensure saturation of oxy-
Figure 1 Effect of temperature on nitrifying activity of a mixed bacterial 9€N, samples were aerated during the incubation period by
population fixed on sand originated from a laboratory pilot filter. air bubbling using an aquarium pump.

Tests showed that without suitable washing of the solid

) ) ) ) sample, the final concentration of nitrate was higher than
teria were incubated at various added ammonia concefne injtial concentration of non-oxidized nitrogen. As a mat-
trations (0-10 mg N-NEIL™ added) at 32C (Figure 2). A ey of fact, the solid material and the interstitial liquid could
half-saturation constant(;) of 2.2+0.4mg N-NH, L™ a5 nitrite and nitrate as well as ammonia, and release these
was determined. Copp and Murphy [14] mentioned, in theifcompounds during incubation. The colonized filtration
literature review, half-saturation constants for mixedmaterial was therefore washed by the nitrifier medium with-
nitrifying populations between 0.06 and 5.6 mg N'LTo oyt ammonia to avoid interference. As it was impossible to
be sure to reach a saturating concentration of ammonia angfiminate all traces of oxidized nitrogen, nitrate and nitrite
thus a maximal nitrification rate, an initial concentration of \yere measured at the beginning of the incubatighand
10 mg N-NH, L™ was chosen for routine measurement of these values were subtracted from the values measured at

the potential nitrifying activity. This concentration was five the end of incubation to obtain the concentrations produced
times the half saturation constant determined experimenyring incubation.

tally.
Two factors determined the incubation time required toRoyfine procedure

measure the oxidized nitrogen formation rate: the substraterom the tests described above, the routine procedure pro-
had to remain at a saturating concentration of ammonigosed to measure potential activity of nitrifying bacteria
throughout the incubation and the quantity of oxidizedfixed on the solid support was as follows: three duplicate
nitrogen produced had to be detectable. When a 2sand  gamples of 2-crhcolonized material were washed several
sample was incubated in 5 ml of nitrifier medium enrichedtjmes with the nitrifier medium without ammonia. A dupli-
by 10 mg N-NH, L™ at 32C, the formation of nitrate was cate sample was then incubated atG2or 0, 15 or 30 min

in 5ml of nitrifier medium [29] containing 0.037 gL
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Figure 2 Relationship between nitrifying activity and initial concen- incubation time (min)

tration of ammonia in the incubation medium at’@2 Determination of
the half saturation constant for a mixed nitrifying bacterial population Figure 3 Determination of the optimal incubation time for a 2<csand
fixed on sand originated from a laboratory pilot filter. sample incubated at 32 in a medium containing 10 mg N-NH.™%.
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164 NH,CI (10 mg N-NH, L™). While it was incubated, the

medium was oxygenated by air, which was purified by
passing it through a sulphochromic solution. After incu-
bation, the supernatant was filtered through an2pore
size filter to stop the biological reactions by removing the ©
bacteria and then frozen until analysis. Nitrate and nitrite @
concentrations were measured before and after incubatic g
by a colorimetric method [25] to determine the biological %
oxidation of ammonia. The experimental design is showr 2
in Figure 4.
In the routine procedure, the concentrations of nitrate ant g
nitrite were measured in each sample containing 2-im
tration media, after an incubation period of 0, 15 or 30 min
in 5 ml nitrifier medium in potential conditions. The results 0= : :
were then plotted against time and the slopg (vas ,
determined. Potential nitrifying activity (PNA) was calcu- 0 10 20 30
lated as follows, considering the volume of nitrifier
medium, the incubation time and the volume of samples

a=0.1168 £ 0.0002
PNA =0.0175 = 0.0001

nitrogen
>

(mg N-(NO_+NO,)/l)

B o =0.0745 £ 0.0081 A
PNA =0.0112 £ 0.0012

noto

Producti

Incubation time (min)

used in our procedure: Figure 5 Two examples of the determination of potential nitrifying
activity for a mixed nitrifying bacterial population fixed on sand (samples
PNA (mg N/(h* cmd)) = originated from a laboratory pilot filter).
N/(min* 1 > 60 1
* * * * — .
a (mg N/(min+ 1)) 1000 2 routine procedure and the results shown were the average

value of the nitrate concentration measured in the dupli-

The accuracy of the method was determined on 16@ates. No nitrites were detected after incubation showing
samples. For each of them, the potential nitrifying activity that both nitrifying populations (ammonia- and nitrite-oxid-
was measured by incubating a set of three duplicate sulizing bacteria) were present.
samples. Samples were collected from pilot and full-scale As nitrification activity measured in potential conditions
filters (sand and granular activated filters) fed with differentiS proportional to nitrifying biomass, the approximate
ammonia concentrations ranging from 0 to 2 mg N.The ~ amount of nitrifying biomass (sum of ammonia- and nitrite-
standard error was calculated on the slope determined wheixidizing biomass) can be estimated by using the maximum
the production of nitrates and nitrites was plotted againsspecific activity of ammonium- and nitrite-oxidizing bac-
time. The average standard error on potential nitrifyingteria according to the following equation [6,11]:
activity, according to these tests was 15%. This percentage
includes the errors in incubation time, sampling volume of 5 _ PNA PNA

. . . R = +
the solid support, the heterogeneity of the fixed biomass AS,, AS,
on the solid support and the measurement of the oxidized
nitrogen after incubation. whereB is the sum of the ammonia oxidizing biomass and

Two examples of the measurement of potential nitrifyingthe nitrite oxidizing biomassg C cn® support); PNA is
aCt|V|ty of fixed n|tr|fy|ng bI_Om&}SS ShOW|ng the accuracy the potentia| n|tr|fy|ng activity [mg N/(h‘ Crn3 Support)];
of the method are shown in Figure 5. The samples wergg_  the maximum specific ammonia oxidizing activity
collected from a lab-scale pilot filter filled with sand. A [mg 'N/(ug C * h)]; AS.,, the maximum specific nitrite
duplicate of each sample was incubated according to thgxidizing activity [mg N/’@g C+ h)].

For the calculation of fixed nitrifying biomass, the
maximum specific oxidization activities recently proposed
by Brion and Billen [11] were used: respectively 4S=
0.7x10°mg N/(ug C * h) and AS, = 2.9x10°mg
N/(ng C * h).

Aquarium
pump

Application on full-scale filters
o As an example of application of the proposed procedure,
P Nitrifier medium  the vertical distribution of nitrifying biomass in a second-

X stage activated carbon filter at the St Rose treatment plant
(Laval, Quebec, Canada) was determined. The potential
Sulfochromic Water Water bath nitrifying activity and ammonia concentration were meas-

solution ured for samples collected at different depths in the filter
Figure 4 Experimental design used for measurement of the potential(Figure 6). The nitrifying biomass decreased with increas-
nitrifying activity: the solid sample supported fixed bacterial biomassIng depth, as the SUbStr.at.e Cor.lcemratlon ".1 the_water
(2 cnP); the nitrifier medium contained 10 mg N-NH.* and the water ~decreased. HOWG_Ver, nitrifying biomass perS|_sted in the
bath was heated to 3@. lower part of the filter, even though the ammonia had been

——  Solid sample
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