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DEGRADABILITY OF SIMAZINE IN AEROBIC TREATMENT
OF MUNICIPAL SEWAGE

Under standard conditions of permanganate COD determination the oxidation of simazine
has not been stated, while according to dichromate COD method the oxidation took place ap-
proaching 73% of TOD. Simazine occurring in municipal sewage is resistant to biodegradation even
when the intensive aeration is prolonged. Because of its low water-solubility simazine does not
affect the rate of biodegradation of organic compounds contained in municipal sewage. Only nitri-
fying bacteria are sensitive to the toxic action of simazine.

1. INTRODUCTION

The use of chemicals to control pests has been practised in Poland. A number of syn-
thetic organic compounds (insecticides) produced at the past decade killed effectively
many insect pests. Other chemicals, produced and marketed in thousands formulations:
the herbicides, fungicides and rodenticides, were widely used to control the growth of
plants, fungi and small mammals, respectively. Not only arable lands, but also homes
and gardens were covered abundantly with all these liquids, powders and granules. Con-
sequently, the pollution level in natural waters has increased rapidly. Pesticides enter
the waterways from a variety of sources which can be divided into three general classes:
agricultural, industrial and domestic ones.

Concentrated pesticide residues being mostly highly toxic have harmful effects on the
aquatic habitat. The selective action of these substances is not sufficiently well known.
Apart from some benefits, such as increased food production due to the application of
such chemicals, there are some possible side-effects as these substances are capable of
disturbing the biological balance when entering the watercourse.

Needless to say that the production of any insecticide, herbicide, fungicide or other
pesticide should be preceded by investigations proving the effectiveness of the product
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for the purpose intended and its harmlessness for any lifeforms, all safety precautions
shown on the label are observed.

The purpose of the study presented here was to determine the influence of simazine
on the efficiency of aerobic treatment methods.

2. CHARACTERISTICS OF SIMAZINE (C,H,,CINj)

Simazine (2-chloro-4,6-diethylamine-1,3,5-triasine) of the following structural formula
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is a weakly water-soluble (0.0005%, at 295 K) herbicide of triasine type [6, 7] which was
first synthesized in 1885 by HOFFMANN [7] and has been used in agriculture since 1955 [7].
Simazine is particularly useful when applied to maize cultures prior to seed germination
[2]. Weeds are killed with no adverse effects on the crops. The chemical in question may
also be safely used for orchard protection (especially apple and pear trees), for the pro-
tection of viticulture, sugar cane, asparagus shoots and pineapple crops, as well as for
supporting shrubbery and tree growth. Large simazine doses are successfully applied
in the soil disinfection [7]. Simazine itself acts as a photosynthesis inhibitor, in legumi-
nous plants for instance photosynthesis is blocked at the concentration of 1.0 mg of si-
mazine/kg.

Simazine being a strong herbicide is little toxic for rodents. DLy, doses administered
orally to rats may be as high as 5000 mg/kg and higher, and repeated 100 mg/kg doses
administered to the same rats during a two-year period were without any toxic effect [1].

LubpeMaNN and KAYSEr investigated the toxic influence of simazine on plankton
(daphnia, Corinogammarus, Asellus, Tubifex, red larvas of Chironomidae and Aedes lar-
vas) and stated its toxicity at concentrations as low as 20 to 50 g/m? [5].
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3. EXPERIMENTAL

3.1. OXIDABILITY DETERMINATION

The determination of whether or not a given organic waste constituent is resistant
to chemical oxidation (usually expressed in terms of permanganate and dichromate COD)
is a problem of prime importance when estimating the pollution level in natural waters.
Unfortunately, under conditions of permanganate and dichromate COD determinations
not entire organic matter present in the wastewater undergoes a complete oxidation;
some of those compounds are oxidized only partly, and some of them are not oxidized
at all. The result is that the latter become underterminable under conventional condi-
tions, since they do not influence either of the two COD values.

The oxidability of simazine was measured in terms of dichromate and permanganate
COD. The experiments were run in distilled water treated with various doses of simazine
by the method reported in [4]. The results are given in tabs. 1 and 2. The theoretical oxy-

Table 1 Table 2
Degradation of simazine under conditions Degradation of simazine under conditions
of permanganate COD determination of dichromate COD determination
Rozklad symazyny w warunkach oznaczenia Rozklad symazyny w warunkach oznaczania
utlenialnosci nadmanganianowej utlenialnosci d vuchromianowej

Simazinc‘con- Permanga- TOD TOD Simazine.con- Dichromate TOD TOD
centration nate COD g 0, % centration COD i (6) %
g/m? g 0,/m® ’ g/m? g Oym® ¢

5 . 0.70 12.71 5.51 10 23.2 25.40 90.94

10 1.40 25.41 5.51 20 38.5 50.82 75.76

15 2.25 38.12 5.90 30 56.8 76.23 74.51

20 2.80 50.82 5.51 40 TS 101.64 76.25

30 4.30 76.23 5.64 60 100.0 152.46 65.59

40 5.60 - 101.64 5.51 80 132.1 203.28 64.98

60 7.40 152.46 4.85 200 318.8 508.20 62.73
average 5.49 average 72. 97

gen demand (TOD) for oxidation of 1 g of simazine was calculated in terms of the stoichio-
metric equation: '
C7H12N5C1 '+‘ 1602 = 7C02 + 5HNO3 + HCl + 3H20.

Under conditions of permanganate COD determination, the degree of simazine oxi-
dation is insignificant (tab. 1), and the quantity of oxygen taken up from KMnO, is on
the average 5.59% of TOD. Oxygen uptake from K,Cr,0, (when simazine is being oxi-
dized under conditions of dichromate COD determination) usually approaches 739,
(tab. 2). It follows that dichromate COD alone can be considered as an adequate indi-
cator of water pollution from simazine.
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3.2. BIOCHEMICAL DEGRADABILITY

BOD is an indirect indicator of biodegradable substances present in the water to be
treated. Experiments show that if BOD; determination is carried out under standard
conditions, simazine is not subject to biodegradation. Hence, BOD; cannot be consider-
ed either as an adequate indicator of water pollution with simazine. Laboratory investi-
gations involving respirometers have additionally shown that simazine contained in mu-
nicipal sewage is also resistant to biodegradation.

3.3. INFLUENCE OF SIMAZINE ON THE COURSE AND EFFICIENCY
OF AEROBIC TREATMENT

The experiments were run for various concentrations of simazine. The experimental
system consisted of respirometers with 2.4 dm? flasks (fig. 1). Samples were collected
throughout the experiments. Analytical control included measurements of O, uptake
and CO, production along with the determination of chemical composition during aera-
tion. The design and operation of the respirometers as well as the calculation methods
employed in the experiments are described in [3].
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Fig. 1. Respirometer

1 — thermostatic tank, 2 — thermostat, 3 — magnetic stirrer, 4 — flask

Rys. 1. Respirometr

1 — zbiornik termostatyczny, 2 — termostat, 3 — mieszadlo magnetyczne, 4 — kolba

The experiments reported here were conducted for raw municipal sewage of a com-
position given in tab. 3. The wastewaters to be tested were collected at an intermediate
pumping station in a period of intensive rainfall. That is why their physicochemical and
chemical characteristics differed from the composition of a typical municipal wastewater
produced in the city of Wroctaw (dichromate and permanganate COD, BOD; and or-
ganic nitrogen levels were very low; tab. 3). The wastewater under test was aerated si-
multaneously in 17 respirometers. Two of them contained municipal sewage alone (with



Degradability of simazine in aerobic treatment 151

Table 3
Characteristics of experimental wastewater
Charakterystyka doswiadczalnych $ciekow
Parameter Unit Concentration

Turbidity g SiO,/m?3 110
Colour g Pt/m3 40
pH pH 7/
Total alkalinity g CaCOjz/m? 285
Total acidity g CaCQO;/m? 45
Permanganate COD g O,/m3 31

/ Dichromate COD g O,/m3 96.2
BOD; (dilution method 1 :50) g O,/m? 120
Ammonia nitrogen g N/m3 10.0
Nitrite nitrogen g N/m? 0.01
Nitrate nitrogen g N/m?3 0
Organic nitrogen g N/m? 7S
Phosphates g PO, 3/m3 15.0
Chlorides g Cl-/m3 97.0
Sulphates g SO;%/m? 81.0
Dry matter g/m? 714
Mineral matter g/m? 583
Total dissolved solids g/m3 645
Mineral dissolved solids g/m3 555
Total suspended solids g/m? 69
Mineral suspended solids g/m3 28

no simazine addition). In this rc port they will be treated as a control system. The remain-
ing 15 were additionally treated with the following simazine doses: 0.5 (in two samples),
1.25, 2.5, 5, 12.5, 25, 37.5, 50, 75, 150, 250, 500, 750, and 1500 g/m3. At the beginning of
each experimental run the volume of the wastewater to be aerated was 1000 cm? in each
of the respirometers. The experimental temperature as well as the number of revolutions
of the magnetic stirrer were kept constant throughout the process (i.e. for 252.5 h).

Samples were taken from the respirometer bulbs to determine composition changes
which occur in the course of the experiments. O, uptaken and CO, produced were also
measured.

Simazine concentrations were measured by thin-layer chromatography [8]. The con-
centrations of other waste constituents were determined by Polish standard methods [4].

4. DISCUSSION OF RESULTS

The aeration of simazine-containing municipal sewage shows that the herbicide in
question, even at relatively high concentrations (up to 500 g/m?3), does not inhibit the
rate of biochemical degradation. This fact is indicated by the quantities of O, consum-
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Table 4
Oxygen uptake for degradation of symazine-containing municipal sewage
Pobranie tlenu do rozktadu $ciekdéw miejskich zawierajacych symazyne
Initial .
concentration Aeration time, h
of simazine 17.5 43.0 63.5 86.5 157.5 180.5 204.5 252.5
g/m?
0 46.9 97.1 106.3 116.1 161.3 212.1 2243 234.5
0 47.2 97.6 106.4 117.3 162.2 214.0 226.5 235.9
0.5 46.5 99.1 108.6 118.4 163.2 216.2 228.5 238.0
0.5 46.4 99.8 108.4 116.5 161.7 214.5 - —
1.25 46.4 100.7 109.1 118.6 161.8 214.0 227.4 235.4
2.5 44.8 98.7 109.1 118.3 167.9 219.2 232.1 243.8
5 45.8 94.8 106.6 116.4 168.8 2182 2317 241.2
12.5 47.3 98.3 108.5 119.1 169.4 2222 235.2 244.2
25 47.4 97.6 108.3 118.0 170.2 224.3 237.0 247.1
37.5 48.2 101.7 113.1 124.3 175.1 231.3 242.9 251.4
50 49.5 98.9 109.9 120.0 175.8 231.5 246.0 257.2
75 47.4 100.3 109.3 119.7 166.2 216.5 230.3 239.5
150 47.2 101.0 111.8 122.7 155.0 208.4 220.7 235.3
250 46.9 99.3 111.3 116.5 149.5 156.5 206.3 239.6
500 47.4 95.6 107.2 1151 144.2 148.7 160.9 224.1
750 43.2 88.6 105.0 114.9 141.2 146.4 155.8 197.5
1500 40.4 TS 99.0 114.5 135.2 140.0 145.8 158.5
Table 5
Carbon dioxide production during degradation of simazine-containing municipal sewage
Produkcja dwutlenku wegla podczas rozkladu Sciekéw miejskich zawierajacych symazyne
Initial
concentration Aeration time, h
of simazine 17.7 43.0 63.5 86.5 157.5 180.5 204.5 252.5
g/m?
0 69.5 122.9 144.5 164.0 222.5 - 281.1 294.1
0 69.5 120.5 140.1 158.0 215.1 - 274.3 286.3
0.5 68.6 1225 142.1 160.4 214.8 - 2755 287.3
0.5 69.6 124.5 146.9 165.2 220.7 — — —
1.25 66.0 121.9 144.4 162.7 220.1 — 280.5 290.7
2.5 67.0 120.8 141.2 160.6 217.8 - 271.1 286.5
5 67.5 122.4 144.9 165.6 222.2 — 280.8 293.1
12.5 66.0 119.7 140.3 161.0 218.1 — 278.7 293.1
25 63.4 117.2 139.7 158.0 214.6 — 276.3 290.2
37.5 64.3 118.1 137.6 158.2 221.0 — 283.8 299.8
50 65.3 121.0 1434 162.8 220.1 — 284.7 298.1
75 64.4 119.3 140.8 160.9 218.5 — 277.8 288.4
150 62.6 117.3 141.2 160.0 196.2 - 256.7 272.3
250 65.8 120.9 141.9 160.0 196.4 — 248.7 285.9
500 64.1 120.9 140.5 154.3 186.9 — 207.7 265.8
750 63.3 117.5 1357 148.1 179.6 — 196.8 214.0
1500 58.2 108.1 134.2 150.4 180.8 - 192.3 198.7




Degradability of simazine in aerobic treatment 153

ed (tab. 4) and CO, produced (tab. 5). As shown in these tables, O, uptake and CO,
production decrease insignificantly even though the simazine doses have been markedly
increased (750 and 1500 g/m?). This inhibiting effect is, however, of a transient nature,
because after a 86.5 h aeration the amount of O, consumed is almost identical with that
obtained for the control (fig. 2). CO, production follows a somewhat different beha-
vioral pattern, since in the control the amount of CO, produced during aeration is greater
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Fig. 2. Oxygen uptake versus time for various concentrations of simazine in municipal sewage

Rys. 2. Pobieranie tlenu dla réznych stezen symazyny W éciekach miejskich jako funkcja czasu

(tab. 5, fig. 3). The inhibition effect of simazine on the microorganisms participating in
the biodegradation of organic substances in municipal sewage is insignificant and can be
attributed to the low water-solubility of this herbicide. That is why the portion of simazine
added to the experimental sewage remained in dispersed solid phase.

A higher toxic effect of simazine has been stated in nitrifying bacteria. Thus, in the
control the oxidation of ammonia nitrogen to nitrite nitrogen is initiated after 86.5 h
of aeration; since then, ammonia nitrogen content tends to decrease (fig. 4), while that
of nitrite nitrogen increases (fig. 5). Again, the nitrification of ammonia nitrogen in sima-
zine-containing wastewater proceeds via the same route as in the control, provided that
the concentration of simazine does not exceed 150 g/m>. At higher concentrations, the
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initiation of the nitrification process will be delayed or even inhibited (figs. 4 and 5). Hence,
the increasing concentration of simazine accompanied with the increasing toxic effect
on nitrifying bacteria are followed by the increasing concentration of ammonia nitro-
gen (fig. 4) and decreasing O, uptake (fig. 2) and CO, production (fig. 3).

Figs. 6 and 7 show the relationship between concentration of simazine and the effi-
ciency of ammonia nitrogen nitrification. In fig. 6 O, uptake and CO, production (obtain-
ed during 252.5 h aeration) are plotted for various initial concentrations of simazine.
Ammonia nitrogen and nitrite nitrogen contents (determined after completion of expe-
riments, i.e. after 252.5 h aeration) are given in fig. 7. However, the shape of curve 2 repre-
senting ammonia nitrogen in this figure (and especially its segment referring to simazine
concentrations from 0 to 250 g/m?) requires additional comments,
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Fig. 3. Carbon dioxide production versus time for various concentrations of simazine in municipal sewage

Rys. 3. Produkcja dwutlenku wegla dla réznych stezen symazyny w $ciekach miejskich jako funkcja czasu
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Fig. 4. Ammonia nitrogen concentration versus aeration time for various concentrations of simazine in
municipal sewage

Rys. 4. Stezenie azotu amonowego dla roznych stezen symazyny w Sciekach miejskich w zaleznosci od
czasu aeracji
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Fig. 5. Nitrite nitrogen concentration versus aeration time for various concentrations of simazine
in municipal sewage

Rys. 5. Stezenie azotu azotynowego dia réznych stezei symazyny w Sciekach miejskich w zaleznosci od
czasu aeracji
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. Thus, the unusual shape of this segment is due to a partial oxidation of nitrogen to
nitrate nitrogen that takes place at initial concentrations of simazine from zero (control
system) to 150 g/m?3. This process does not occur when the initial concentration of sima-

zine is 250 g/m3 (or higher).
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Fig. 6. Oxygen uptake and carbon dioxide production versus initial concentrations of simazine
(measurements conducted after 252.5 h of aeration)

Rys. 6. Pobieranie tlenu i produkcja dwutlenku wegla w zaleznoéci od poczatkowego stezenia symazyny
(pomiary wykonano po 252,5 h aeracji)

Fig. 7. Ammonia nitrogen (/) and nitrite

nitrogen (2) contents versus initial concen-

tration of simazine (measurements conducted
after 252.5 h of aeration)

Rys. 7. Zawartosci azotu amonowego (1)

i azotynowego (2) w zaleznos$ci od poczat-

kowego stezenia symazyny (pomiary wyko-
nano po 252,5 h aeracji)
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5. CONCLUSIONS

1. Under standard conditions of permanganate COD determination the oxidation of
simazine has not been stated, while according to dichromate COD method the oxidation
took place approaching 739, of TOD.

2. Under standard conditions of BODj determination simazine appears to be resistant
to biodegradation. Thus, BODs and permanganate COD values cannot be considered
as reliable indicators of simazine contents in natural water or wastewaters.

3. Simazine occurring in municipal sewage is resistant to biodegradation even when
the intensive aeration is prolonged. Hence, simazine behaves as a refractory compound
both in the biological treatment of wastewaters and in the process of self-purification
in natural waters.

4. Because of its low water-solubility, simazine does not affect the rate of biodegra-
dation of organic compounds contained in municipal sewage. Only nitrifying bacteria
are sensitive to the toxic action of simazine.

REFERENCES

[1] BARKAI A., ROEAN P., Parasitol., 25, 217 (1964).

[2] Burns E. C., WiLsON B. H., J. Econ. Entomol., 56, 718 (1963).

3] Gomoeka E., Szyrowski W., Zastosowanie respirometru do badania biodegradacji detergentéw, Prace
Nauk. Inst. Inz. Ochr. Srodow. PWr, No. 11. Studia i Materialy No. 10, Wroclaw 1971, p. 135%

[4] HermanowicZ W. et al. Fizyczno-chemiczne badanie wody i Sciekéw, Arkady, Warszawa 1976.

[5] upemAN D., Kavser H., GWF, 106 (1965) 220, GWF 107 (1966) 256.

[6] MeLNikow N. N., Khimiya i tekhnologiya pesitidov, 1zd. Khimiya, Moskva 1974.

[7] WHITE-STEVENS (ed.), Pestycydy w Srodowisku, PWRIL, Warszawa 1977.

8] Wistocka E., Kostowska B., Oznaczanie pozostalosci herbicyddw triazynowych w wodzie metoda
chromatografii cienkowarstwowej, Chem. Anal., Vol. 22 (1977), No. 5, p. 975.

ROZKELAD SYMAZYNY PODCZAS AEROBOWEGO OCZYSZCZANIA
SCIEKOW MIEJSKICH

Symazyna (2-chloro-4,6-dwumetyloamina-1,3,5-triazyna) nie ulega utlenieniu w standardowych wa-
runkach oznaczania utlenialnosci nadmanganianowej. W warunkach oznaczenia utlenialno$ci dwuchro-
mianowej stopien utlenienia symazyny osiaga 739, catkowitego zapotrzebowania tlenu. Symazyna wy-
stepujaca w Sciekach miejskich jest odporna na rozktad biochemiczny nawet w przypadkach przedtuzo-
nego czasu napowietrzania. Nie wplywa ona niekorzystnie na tempo biochemicznego rozkladu zwiazkow
ofganicznych. zawartych w sciekach miejskich. Jedynie bakterie nitryfikacyjne sa wrazliwe na dziatanie
symazyny, ktora jest toksyczna tylko dla tych organizmow.

AEROBER ABBAU VON SIMAZIN IN KOMMUNALEN ABWASSERN

Simazin (2-Chlor-4,6-Dimethylamin-l,3,5-Triazin) wird durch die Wirkung von Kaliumpermanganat
(siehe: Bestimmung der Oxydierbarkeit) nicht oxydiert. Das Kaliumdichromat oxydiert Simazin zum 73%
des theoretischen Sauerstoffbedarfs. Wenn Simazin im kommunalen Abwasser vorkommt, ist sie fiir den
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biologischen Abbau resistent — auch bei Uberbeluftung. Ihre Gegenwart wirkt sich auf den biologischen

Reinigungsverlauf kaum aus. Die toxische Wirkung von Simazin macht sich jedoch gegentiber Nitrifika-
tionsbakterien bemerkbar.

PACIIPEJIEJIEHVE CUMA3WHA TIPU ADPOBHOIT OYNCTKE I'OPOJICKMX CTOYHBIX BOJ,

Cumasun (2-XIIOD-4,6-L[HM€THJ1&MI/IH-I,3,5-TpH3PIH) HE NOABEPraeTCs OKHCIEHMIO B CTAHAAPTHBIX
YCIOBUSX OUpE/EsICHHs] NEPEMAHTAaHATHONW OKHMC/IAeMOCTH. B YCTIOBHSAX OIpeneieHus] GUXPOMATHON OKH-
CIIACMOCTH CTENEHb OKHCIIEHUS CUMa3iHa OCTHraeT 73% MomHoi TNOTPEGHOCTH B KHCIOPOzeE. Cumasun,
BBICTYNAIOMIMY B TOPOJACKAX CTOYHBIX BOIAX, ABJSETCSH CTONKUM K GHOTNIOrHYECKOMY pa3OXeHnIo mase
B Cllyyasx NPOMIEHHOTO BpeMeHH aspauud. OH He BIIHSIET HeONaTONPHATHO HA TEMIIbI GMOJIOrHYeCKOro
DA3JI0KECHASL OPraHMYECKHX COEOUHEHH, CONEPKALIMXCS B TOPOACKHX CTOYHBIX BOJaX. TOJBKO HHUTpRH-

¢uumpyromue GakTepHH YYBCTBHTENBHBI K JEHCTBHIO CHMA3HHA, KOTODBIA TOKCHYEH TOJIBKO IUISL 9THX
OPraHHu3MOB.



