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DETERKINATION OF THE ACTIVITY OF NITRIFYING BACTERIA IN SURFACE
WATERS BY A MODIFIED BOD—TEST..hqg

by'K. Roch and A. Kaffka

B 156 414—421 i19327J

(Zbl. ‘Bakt. Hyg.; 1. Abt Orig.

Abstract

o A4 modified m-thod of the BOD—tast was applied in.order'to find
oui the seasonal changing activity of the nitrifying hacteriafih R

surface waters.

- In studies of the river‘ELBE the sampleé colleoted at
.TEUFFLSBRﬁCK (km. 630 1) were diluted 1:10 with aerated tap water and
mixed with 5.2 mg/l. NH4 _nitrogen (0.37 x 1073 Hol/l) As the result
of this admixture a seasonal changing increase of BOD was found.

This increase was caused by the activity =nd number of the NH4
oxidising bacteria and depended on temperature. Fuarthermore these
investigations indicated that the low NH4+ ~content functioning in
Summer as a 1imiting factor doee not zllow a higher influence of
nitrification on the BCD and oxygen balance in the receiving water.
With regard to water hygiene the nifrifying flora can affect the oxygen
balance significantly, particularly in rivers of long retention time

or in estuaries loaded by nitrogenous waste waters during the summer
time or if the river water is aertificially heated by cooling water

discharge.

Surface water receives a considerkble amount of organic aﬁd__
inorganic nitrogen compoundslthrough industrial and domestic wabie,
ae well as from the drain-off of agricultural areas, which are often
.spread with fertiliser several times whilé under enltivation.. The
prganic substances are utilised 5y a large number of heterotrophic
bacteria as source of energy and carbon, and are reduced to low-molecule
combinations. (€02 and ammonia are finally liberated as end products
by aerobic reduction. Further oxidative minerslisation of ammonia
nitfogen ig maifly limited to 8 small group’ of bacteria of the genera

Hitrogomonas and Nitrobacter.

Their maximum possible oxygen consumption on the oomplete

oxidation of NH4+ to NO3~ can be calculated stoichiometiiecally

according to the equations:
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are present naturally over a long period. According to COURCHAINE,

: _ . . per mg N
Witrosomonass 2 NH, + 30, =2 N0, « 2H ¥ + 2 H,0 5. 3.43
Nitrobacters 2 NOZ™ + 0, = 2 NO,™ 1

' : - . + .
2 HH, + 40, >2N0," + 2H0 + 2 4.57

-Ap the nitrifying bacteria however utilise NHA+ and N0Q2-
nitrogen as a source of energy as well as a source of nitrogen for
cell construction and are reduced on assimilating €02, the actuzl
value lieé'at-4.33 mg. 02 (WQEF_1971). Nifrosomonas requires from
1 mg. ¥HA+ =N 3.22 mg. 02 for ;xidatiOn, Nitrobacter from 1 mg. NO2™ N
1.11 mg. 02 (ANONYH 1971).

For & long time the oxygen requirements of the nitrifiying
bacteria were thought to be unimportant in influencing the purity of
the water, if one disregarded occasional cohtrary reports (HURWITZ
et al. 1947, BUSWELL et al. 1953). '

Only in recent years have writers repeatedly referred to the
loading of the oxygen balance in surface waters through nitrification
(SIDDIQI et al. 1967, COURCHAINE 1968, ROCH & KAFFKA 1971, ANONYH 1971
etc.). This loading emerged pariticularly from the results of experi-
ments in which the amount of nitrification on BOD was tested. HURNITZ
et al. 1947, MONTGOMERY & BORNE 1966, WOOD & MORRIS 1966, SIDDIQI et al. é
1967, COURCHAINE 1968). |

According to some experiments on .water from the ELBE, published
in l971,_the amnount of.nitrification determined by BOD5 lay between
8.8% and 81.5%. The highest values were measured downstream of the
KBELBRANDHSFT purifying plant. CCURCHAINE obtained resulis similar ‘o
those of 1968 in experiments on the GRAND RIVER. According to thege,
the BOD of surface water below the outlets of large purifying plants

can be greatly increased through nitrification at favourable water

temperatures.

According to BRAUNE & UHLERMANN (1968), nitrificetion in river
water only begins to be measurable above c. 15°¢. In the course of a

year, therefore, temperatﬁres permitting only limited nitrification

however, favourable or almosl optimum temjeraturés for nitrifying

i,



_1n the laboratory at 2000, g1ves_one-to expect that in :at_

InltrlflcathH makes stronger claims on the oxygen balance than is

s

" bacteria can be obtained locally through the entry of warm cooling-

water, so that temperature is also ruled out as a 11m1t1ng factor
dur1ng the cold season.\ Also the fact that the BOD can be altered
through +the infinence of nztrlflcatlon in thB ﬁbove~ment' ned degrie

generally accepted, slnoe hlgher temperatures occasionally oceur here.

 The 1ncreaaed aot1v1ty of the nitrifying bacteria durlng the
summer months leads to a decrease in concentration of NHA+ and %o peaks
of the NO2- and HO3~ wvalues.’ This is caused by the rapid multlpllcatlon
of the nltrlfylng bacterla at summer temperatures (RHEENHEIﬂEB 1959,.

'1964)

That nitrificétion on the BOD.test is small in spite of increased
activity and a highér number.of cells at temperature peaks (ROCH & :'
KAFFEA 1971) can be attributed.io the very low amount of NH4+ nitrogen
in the water during this period. With sufficient NH4+ conteni, however,
the number of nitrifiers is significant for the degree of BOD. Their
multiplication hardly mattered on account of their long generation
pericd of 24 hrs. at 2600 during the 5-~day duration of the BOD experi-

ment.

~ No conclusions can be made on the oxidition potential of the
nitrifying bacteria through the usual BOD-test. 4 direct oount offers
great difficulties and the datermlnatlon of their activity, accordlng
to RHEINHEIMER {1959), is very tlmeﬁconsumlng. In our. experiments, -
therefore, we determined the seasonally varying activity of the nitri-
fying bacteria according to a modified method of the BOD-test, elimin-

ating the 11m1t1ng factor of the concentration of NH4+.

In addition the water from the ELBE was diluted with aemated
mains water in the propoftion 1:10 and mixed with 5.2 mgdl. NH4+ ~§
(0.37 x 107> No1l/1.}. 1Imn $he individual experiments there existed
approximately equal concentrations of NHA+ (5.3-5.6 mg/1l. NH4+ ~N).

liethod

The samples were removed from April to December 1969 once or
tuwice monthly at TEUFELSBRIUCK (Blbe kilometers 630. 1), about 5 km.
below the outflow of the KSHLBRANDHSET parifying plant . Work was

begun on the samples in the laboratory 2 hours at the latest after
removal., The following procedure was taken Tor the BOD-test:

1 (about 370,000 m3/day) . -
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1., 1:5 diluted BLBE water (800 ml. ELBE. water + 3200 ml. of aerated
mains water).

2. 135 dlluied ELBE water w1th 0.1 ﬁol/l._NH4Cl for supp essi
‘Fication, after SIDDIQI et al. {196?) {Boo mi.. of B n
3200 ml. water for dllutlon w1th 0. 1 Hol/l. NH401 an BO ml. of a

~ 0.067 molar phosphate buffer after SORENSEN, pH 6.,) _

3. 1:10 diluted ELBE water with 0,37 x 1075 Mol/1. NHACL (400 ml.
ELBE water + 3600 water for dilution + 5.2 mg/l. NH4+ -nitrogen).

nitri-

300mm1.-ﬂinkler bottles ﬁere'filled with these sblutions*and .

inowbated at 2000 for 5 to 10 days. The oxygen content was determined by

the Winkler mpethod, that of the BOD after the standard German procedure.
For the determination of nitrite and ammonium nitrogen, we employed the
methods modified for the auto-analyser by O'BEIEN et al. (1962) The

nitrate was determ1ned with sodium salycilate.

Results and Discussion

The addition of 5.2 mg/l. of ammonium nitrogen to ELBE water
which had been diluted tenfold had the effect of clearly increasing the
BOD. This clearly depended on prometion of nitrification (Tab. 1, Pigs.
1 & 2)3‘ It was so high, particularly in the summer months, that the
oxygen was exhausted gfter only 7 days. The increase in oxygen coh-
sunption was conneoted with a decrease in the councentrations of ammonium
angd a corresponding.rise in that of the nitrite and nitrate."Thé .
oxygen congumption for the nitrifying bacteria (3rd series of experi;
ments, Tab. 1) can be calculated by the above-mentioned equation from
the formation of nitrite and nitrate. For instance, it amounted to

3.98 mg/1. 02 after 10 days' heatings

WE4+ -N decrease: 1.11 mg/l.
NQZ2-. -H increase: 0.99 mg/l.
NO3- - increase: 0.18 mg/1.

3.20 mg/1. 02
0.78 mg/l. 02

3.98 mgfl. 92

With regard to the tenfold dilution of water from the ELBE,
a BOD of 40 mg/l. 02 resulted for the nitrifying bacteria. The values
for BOD_. turned out to be similarly high for the warm season. Prolonging

5 7 .
the time of heating to 10 days clearly shows that with the duration of

il

il

heating and favourable concentration of ammonium the relative propertion

of the nitrifying bacteria shows a strong increase in BOD., The ammonium

¥ al the eny of ths Frans ,af'fon . .



:and# utolyals are'extfemély "mall far the nltrlfylng bac%erlaland

heterotrophlc 6rganiams

- 5 -
nitrogen consumed during flow-off is almost dquivalent to that of the

products of mxidation. It shounld be taken that in the method which

employed river: water diluted tenfold, the processes of assmmllatlon

" The dlfference whlch oocurred between the Bﬁn—values of the

_2nd series after heating for 5 days (+ 5. 2 mg/1l. WH4+ -N)i and the 3rd

serles (nltttflcatlon oompletely suppreased through the addltlon Qf

0.1 ¥ol/1. NH401) (Tab. 1. Fig. 1) was set as a relative amount for the
actlv1ty of the nltrmfylng bacteria. This amount varied seasonally,
its_maximum occurring at the same time a5 that of the water témperature

(Fig. 3). Since the experiments were performed under constani 1§boratonm o,
conditions (in darkness at 20°C), this is evidence for the fact that

the number of nitrifying bacteria in the ELBE greatly inoreases_iﬁ the

summer.

Gertainly in sl1 éxperiments du;ing heating, the oxygen was
consumed mostly by the nitrite-formers. The reason for the low nitrat—
ation ig probably due to the fact that the concentration of nitrite
vhen heating begins was too low, and that zt the temperature for heating,
the activity of the nitrite-formers is greater than that of the nitrate-
formers, ¥or the same reason there should also occur summer niitrite
peaks in the ELBE. Thus the seasonally changing activity of the nitrite-

formers and their numbers ‘was comprised prlmarlly by thls method.“_a

:correspondlng method 13 conceavable for determ1n1ng the actlvzty of the

nitrate-formers. In place of the existing NH4CL a few mllllgrams of
nitrite can be added, and the oxidation of the NH4+ N contained in
the surface water by Nitrosomonas can be neutralised by the addidion of
thio-urea or allyl thio~urea (WOOD & MORRIS 1966, MONTGOMERY & BORNE

1966},

The dependence of the nitrification on the ammonium mnitrogen
content of water from the ELBE, which was shown in experiments with
undiiu&bd'samples of water from the same place (ROCH & KAFFXA 1971) did
not occur in these experiments. The other variations in ammonium con-
centration in BLBE water thus had no further influence because of the

addition of 5.2 mg/l. NH4+ -N to water which had been diluted tenfold.

The experiments have shown that the number of nitrifying bacteria
which occur in the ELBE in summer is ﬂufficient, when there is sufficient

WH4+ content, to exceed the oxygen requirements for the microbial oxid-

T
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ation of orgenic ceonpounds several timce. Thur the morimwnm of the
B3O b ¥ the nitrifying bhctcrlﬂ deterinined by the modified method lny
’ ;

L& mgfl. 02 in the lulkewarn uzter of Septenmber 1vC:,  According to

oL
~ b

1

these Tindings the HH4+ ccontent weg the limiting factor for nitrificaiion
in woter frowm the BLED during the worm season. It wes further shown
uhat cignificance nitrification can have for the BOD-tesgt and the oxygen
baleace in surface valer at sumner temperaturce or wikh ‘hermic leading
oy warns cooling-wnter, if vaste water with lorpe volumes of HH4+ is
intreoduced or if zgriculturzl surfacer vwhich have beexn svread with
manure are flooded by high walter in sumser. Vhile in fest-i lowing
streams the oxygen reguirements of the nitrifying bzeteria can have

no substantizl iniluence on the guality of the watcr on account of

iheir long generation period, the oxygen balance can be conglderably
charged in slow-flowing waters and alsc in tidsl estuzriecy through

hig there can result sbuger of water hygiene.
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Table L. The influcnce of $, mg/l NH;*—mtmgen on the btochcmlcal oxygen demand (21
valucs exprcsscd as mgﬂ} . ..

4
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- l’lg. 1. The influcnce of admixture of 532 mgﬂ NHt-N and 0,1 Mol,ﬂ NH("-N on BOD,
-~ A Experiment 6.5,1969, B; Experiment 20,5, 1959,
1e . Elbewatcr diluted with tap water 1:§
N 0———0 Elbewater diluted with tap water 1:5 -+ 0,1 Mol/l NH Cl + buffct pH 6,9

B ] -i- -I- Elbcwatcr dtlmed wuh tap water 1 10+ 5.2 mgﬂ NH;"’-N.
[P oy e i n T . o
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Fig. 2, Alterations of NHg*-, NOs—-
and NOa~-concentrations during 10
day incubation as a consequence of
3 P | . admixture of 5,2 mgfi NHi-N to
L S L Ebbewater diluted with tap water 1:10

e {6.5.1969), :

1

B9

ey aimn s e e g e
Fig. 3, The seasonal remperarure fluctuation and alreration of NHy*-oxidation and BOD
due to nitrifying bacieria as consequence of admixture of 5,2 mgil NH*-nitrogen during
S-day incubation {samples collected ar Teufelsbrilck
. & Water icmperatore , :

tmrerarmime increase of NOg= after S-day incubation
# — =« & Inerease of NCa~ after S-day incubation,
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