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CHANGE IN THF COMPOSITION AND PROPERTIES OF THE ‘WATER OF

AS.M. DRAPHEV

THF MOSKVA RIVER IN RELATION TO POLLUTION AND
PROCESSES OF SELF PURIFICATION

Régolation‘ofeffiuentfloﬁ sobstantiaily changes the
hydrological regime of rivers;spfimsrlly on'account of the mors
or iess msrked'equalization of flow‘over the seasons. When the
'flow has been controlied for.many:years, spring high waﬁer,
which in river valleys accoﬁhtS'for 60-80%‘_of the total
snnual~discharge of water, is elimlnaced " In the csse of total
.regulation. water discharge below a dam wlll be determined
principally on the basis of the requirements of the national
economy. ‘ ' ' ’ .
Retardation of flow alters ‘t;he distriiqution of 1liquid-

affluent within the‘fivers and moves the 1ocation of précipita-
tion of suspended matter closer to the point of discharge of
the_efflueﬁts.ln calculations of the oxygen balance 1n the
warm seasoo, the development'of photosynthetic processes can

Becoms the deciding factor under certain conditlons. 1In processes

S0S~200—10-31




2.
of self;purification,,the'rolelof_plant organisns'and zooben-
thos, which until_the'present.time has been little studied, 1is
-substantially inCreased Moreover;‘the conditions for the
development of self- purification processes in artificial reser;‘:
voirs with retarded run-off differ from lake conditions. Thus.
in the majoritv of reservoirs along the - Volga and Dnieper cas-"*
cades, spring flushing of the river,bed and the related removal
- or displacement of bottom sedinent.are maintained all year .
round., |

| The development of. self purification processes depends
on the character of a’ river. the means of water_regulation and
the kind of.pollution present In order to be. able to explain
the general laws of this development 1t is essential that
results of prolonged observation be accumulated

| Among thoseA‘river "basins: which are regulated and

‘utilized in the’national'economy to. a maximum degree is the_‘
Moskva River. Scientific investigation of: the Moskva River has'.
been going on for more than one hundred years, The first anal--
yses set out to determine the composition_of_compoundsidis-
solved in the waters of‘the river. -Subseduently,_researchers
elucidated problems of sanitation to do nith bollution‘aﬁd,
self-purification_ofethe river; Analgsis of samples taken at.
various points along the river was soon sunplemented:by bacter=
iologicalwresearch. At the beginning of the twentieth century
hydrobiological observations becane wide4spread; helminthologi-
cal and‘radiometric observations'came-considerably later. |
’ Usually”a passage along theeriver or short-term (2-3 day)

statlonary observations have been performed in order to study -
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the.properties of the river and the composition of the 1mpur{'_‘
,1tiee therein, 1In the majdrity of.eases, observations have
not beeh linked to the river's hydrologleal_regime. In 1964,
the Institute of the Bidlogy>of Interior Waters of the USSR
Academy of Sciences began research on the Moskva River concern-
ing preblems.that have not been touched upen or have received
1itﬁ1e elucidetion regarding changes in water quality. 'Little

llight.has been cast, either in this country or'iﬁ fqreign»lit-

erature, on the Question.of changes in the basic ionic composition e
_and cation ratio ~ due to the effects of domestic and
industrial drainage, There.are almost no data published on - 153

changes in the composition of elements centained in the waters
of the Moskva River in trace quantities of the order of hundred'ths"
ef a milligram per 11tre or less, Howevéf, varlous induetrial '
sources of effluent.enrich the'water wifh.lead, copper, nickel;.,
chromium and other metals; 1nclud1ng such metals as silver and -
moi&bdenum; which are rare'in'nétural Weters. An extremely imp-
ortant problem is the_queStioﬁ of the stability of substances
brought Lnto the water_in micrdquanfities. The distribution of
microcomponents.among the water mass. the bottom_sedimentsland'
'theAmnmticTﬁDtg ~determ1nes”the 1ength'of,time the microcompon-
ents remain 'in the water and the exteﬁt of their dispersal, Data
on the content and stability of fourteen elements have been pre-’
sented 1n‘an article by G; V. Koi'tso# (1968). |

'Probleme of'the'distrieution of radiocactive beta emittefs

that afe in a state of extreme scattering have been presented in
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_an article By AL A, Bylinkina (1967) The effect of urban

drainage on the form and content of phosphorus and nitrogen,
which to a sipnificant extent dxermine phvtoplankton devel—
meent, was elucidated_by obserVations oarried_out in pol-
1ute8.sectibhs ofethe Meskva and Oka Rivers. |

" The effect of water pollution on bottom sediments has-
been studied mainly from tﬁe point of view of changes in.the

oxygen regime (NeSmejano#,v1951), inasmuch as this problem

.1is of direct practicalhimpqrtance, In yiewvof:the faot fﬁaﬁﬁhe
degree of eutrophicat'ion river hasin .and ‘the abﬁndance".and “composition
of-uw_amﬁwic1ﬁo£g . change unkr the influence of effluents,'
. changes 1in the chemical comsosiﬁon of boﬁtom.sediments with : |

"respect to organic and mineral content are to be. expected,

A distinguidhing feature Qf’the river's outward‘appear;‘
ance at the dams which impede the flow of the river below the -
eiry is abundant formatien of froth in the after bays. Most
faVourable‘conditions for froth.formation are ereated when
water Dasses ever a dam, Immediately the river 1s covered by

a layer of froth whioh soon breaks up 1nto separate pleces

.which float.downstreamt Dependlng on wind direction, the

froth usually adheres to the shore, where accﬁmulations of it
are observable, at times reaching a height:of-one‘metre er
more., Part-of the_froth-is carried‘b& the wind onto the sﬁore,.
and part is deposited_at the edge:and on.the shorellne bianﬁg;
The greater part of the organio and mineral matter which makes
us the froth returns to the'rlver; Data concerning froth for—

mation on rivers were presented in a paper we published prev—

' 1OUS1y (Drachev and Rylinkina. 1965)

T TR W T T AT LSS NI e




5.

In the.years 1944 to 19&8,‘systematic investigdh@ibns

were carried out under the direction of the author at fixed

observation'points; The purpose-of the observations was tol

clarify the processes of transformation of organic substances

and the related oxygen: regime. Regularities in the change of -

saprophytic microflora during tne process of self—purification

have been studied by Ye, V. Dianova and A, A, Voﬁbhilova (1952),:

and S. M., Drachev et al. (1966). The data on the transformation

"of organic substance and the oxygen reglme nilllbe used 1in the

Ifollowing discussion.

The large amount of analytical material relating to
"observations covering a twenty-year period makes it possible
.to draw conclusions regarding the change in the river's con-
dition over the elapsed period and to compare the course of
self-purification processes under'various conditions."

‘Utilization and Scientific Investigation
of the River in. the Past:

The birth, development and the very name of the capital

of the Soviet Uniona;Moscow—eie intimately connected with the

- comparatively small waterway of the same name, the Moskva River.

More than eight hundred years ago, protected by the river, and

its small tributaries, the Neglinka and the Yauza, "a small town,

- made of wood", which was.deStined to becohe a city of millions,

was formed and evolved,

'The river was Very'important in the economic 1life of the

caplital. Owlng to the city's position on the river, it became
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"a good bridge, a crossroads for communication in all direcd-

_tions, and with all the old paths of national communication,

(Geinike, 1917). The significance of the river fof trans-
portationAincreased with:the.opening of the ﬁoskva,Canal in
1936, | - |

For many years, the Moskva River was .the main source
of drinking and domespic;use water supply for thé settlements
near the river. The master stdhemasons, Anton Konstantinov
and Tfofim Shar@tin, in 1636, constructed the first of the

famous Moscow watep pipeiinés, which raised water to the

Kremlin tower which still bears the name vodovzvodnaya (the . -
‘water-raising' tower). The pumping stations of the Bab' egorodsk
and Fraénokholma. water syqtemq pumped water from the river

(1852--1835 [3101 ). -The intake of drinking water for the city

(from 1903) in the upper-course of the Moskva River at Rublevo -

rétains its significance up td the presentftime'(Trudy. . o
1927; Tol' tsman, 1931). | |

The river is of great importance as the receptacle of
Wastes.froﬁithe-houéehoid,'economig aﬁd industrial 1ife of the

city. In the past, springtime waters removed not only a great

quantity of‘debris which. had accumulated alorig - the banks of the

river on the ice by the famous market at the Moskvoretskn

Bridge, but- also garbage specially transported onto the 1ce at

the-end of the winter. The importance Qf the river as recept-.

acle of city wastes increased especlally from the time of the

construction of the city's sewer system in 1898,
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o 7
Chahges in the river's sanitary condition owing to

the household and'economiotlife‘of the city have been'observed

for a long time. As early as durlng the relgn of Tsar Alekseij'“

Mikhailovich.(1629~1676), reservoirSMWere deVeloped on the
PresnyadRiver to suoply water to the court‘of the tsar, Evi-
dently thescuality of the,water fromsthe Moskva Rlver even at’
that time did not satisfy the demand for a water snpply,_at
least for more eracting consumers., The construction of the
Mytishchinck water system (by the ukaz or decree of 1779)
was motivated by the necessity to. guarantee the city a qualita-
tively,reliable source of drinking water in place of the more
accessibletwater from the river, | |

- The year'1835. wnen-the Moscow chemist_'R.F.hGerman
carried ont_the first.analyses of the waters of the.Moskva
ﬁiver and of nells along.its banks, marks;theibeginning.of
"laboratory testinq of'the river (Iskdl"dskiiir1958) The
_analy%eg performed by the original scientist and outstanding
" hydrochemist, which differed from modern studies in thelr
form of expression (in ounces,per pail) and in their method-
.ology, encompassed almost all of the ingredlients ofsdit COmpo-
sition deternined.in-modern tests, .

| During the century that followed, the river repeatedly
attracted. the attention of researchers, who for the most part

attempted to cnaracterize its saniuary condition.

In 1877 A.P, Sobaneev, a chemistry professor at Moscow
University commissbned by the city administration, carried out

a thorough investigation of the Moskva River at three points:

Ayt e < v et




l) above the city near the village of Troltsk 3 2) wlthin
the city limits; and 3). below the city in the. Danilov »
suburb (Kotsin 1889) - The publlcatlon of hydrometrlcal datav~
occurred about the same time (Astrakov, 1978)

An important milestone in the 1nvestigation of the
Moskva River and water courses in general was the work of
M.B. Kotsin (1889)., A substantial part of the river was en-
eempassed by his observatlens._,His work 1ncludes a descrip--
tion of the river and chenlcal and"baeterioldgieal‘analyses;
A number of‘obserVations ahd 1nvestlgatione‘were cenducted on
the Tiver in the next thirty years (Bubnov, 1902, 1907);
Nikitinskii, 1909, 1912;- Sokelov, 1911; 19223 Orlov, 1912;

Naumov, 1913; Strogenov, 1913; and Kotsin, 1915). Whereas

-chemical methods’ had first been applied to the study of the

Neva River (1773), bacteriological hydrobiologlcal helmlnth-.
ological (Vasil'kova, 1944) and radiometric methods (Drachev,
Byiinkiha, 1960) have first been used wldely and systematically
in the study of the MoSkVa Rlver.

' The outstanding sclentist Ya. Ya. Nikltihskii under

whose 1nfluence Russian sanitary hydrobiology took shape,'

carried out 1nvest1qations of plankton, overgrowth and bottom

biocoenoses in the Moskva Rlver. These.studies;were published

in the Reports of the Provisional Committee on the Protectieu

‘of the Waters of Moscow Guberniia (district) (1912-1916).

More exacting teets were'undertaken in the years l913-l916_1n

_connection with the search for new sSources of water for the

city»df Moscow. The results of these studlies, published in




9,
1927:(Ozerov; Strogandv) made an important contributién-to
modern conceptlions as to the 5ééic factérs in the formation
of»the_iomk:camposition. the rhythm of seasonal changes and
the vegetable and animal blocoenoses of rivers.

Many studies were carried out'in_the period from
1920 . to 1940 with a viewito assessing thejsanitary condition ;ﬁ
of particﬁlar sections gbévé and below the a ty (Bruevich, o ¥
1927, 1929; - Sképintsev, 1933; Znamenskii{11935. 1936; Konq-
nov, 1936; Kbnonov and Sitnov, 1939; Skopintsev and Mikhail-
ov, 1939). As a rule investigations were cohducted in con-
juction wi%h research 1ntq sanitary cohditions; chemibal,
bacterioldglcal and hjdrébiolégical mefhods were applied,
A distinguishing feature of_mdst of these studies was the
recording of observations‘takeh ét a single moment in timg;
the researchers atﬁeﬁpted to obtain a'"snapéhot" 6f‘the river's

condition, On the basis of the data_dbtained; B.,A, Skopintsev

(1933) and A.V. Znamenskil (1935, 1936) made calculations of
the rate of the.self-purificatién process énd 6f the'amount C i
ofboxygen‘being:received ffom'the‘;tmosphere.
Characteristics of the condition'of the river:were
~used in papefs by S{N.fStroganov (1923)'andAS.A. Ozerov (1929)
in calculéfions_of ttie amount of water~neéessary for improve-
ment of the sanitary conditions through d11ut1ng the watér
by means of diversion of water from the Moskva Canal. The
dilution method WasAfirst tested in this cbuntry.\Several
. investigatlons carried out just after the Moskvaidanal was |

openeéd evaluate the changes 1n‘the rivefts-cycle during thié




_ . 1.0
-period (Kononov and Sitnov, 1939, Deksbakh and Musatova.
19&0) The oondition of the MoskVa River in the region of
dTluentdisoharge from the city's large purifioation plants o '{{-g
is being studied systematically by the laboratories of ° ]

- Mosochistvoda (Mosbow Water Purification Administration)

and has been published in part (Popova, 1959, 1964 PopOVa
and Pervakova. 1959) .
Systematic observations of water quallty have been

made along the upper course. of the river from the time of

the openihg of ﬁhe Rublevo water system. Materials from
‘chemical and bacteriological investigatlons have been worked . -;
on by SL.A, Ozerov (1929).{Hpnmdern view of the protection | ¥
of drinkihg water from contamination and the‘prinoiples and |
means for the practical rea1i7ation of - sanitary protection

zones for the Moskva . River was warkedeont in.articles by V.,I.

Muskat (1926, 1930, 1937).

Data on the Riverfs-Hydrometric Characteristics

The Moskva River, the left tributary of the Oka River,

originates near Mikhaltskil Lake on the eastern slope of the - E

.

Central Russian uplands. The 1ength of_the»river 1s 502 ¥m,,

the area of its watershed 17,530 km® (Bykov, 1951). The riv-

~er's length along a stralght line from. source to mouth at the

S o sty e s

city of Kolomna is 232 km,; thus the winding factor is 2.16,

There is a highly developed river network in the basin: along
i1ts whole course 89 tributaries flow into the-river,_of‘which

many in turn have tributaries of thelr own. - According'to.-

NTTTRTTOROSTIS A A o 1L A Dt e eeiers et e
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I.L. Zdéﬁovskii (19?6), the total number of tributaries is

912. ’The main ones on the left are: the Is tra, RUL&, Pekh-
orka, Gzhelka and Nerskaia, and on the:right. the Pakgra.
Severka and Kolbmenka.

The elevation of the river'a source is 249 m and.of"f
the mouth, 104 m, Thus, the:mean declination of the rirer is
0.00029, and'Ior the ‘portion of'the river from Moscow to thév‘
~mqu5h, 0.000034 (Krévbhenko,:193d)' The duration of the ice cover;t
on the river is, on the averave; 123 days. ' The normal ice

E%W\' | reglme within the city and below. the inflow of urban run-off

"is‘dlsrupted due to the influx into the river of a 1arge

. AN
. SO
R

amount of* waste heat from'industrial and domestic sources.
- At the present time the natural regime of the Moskva

river isrpreserved only 1h the upper. réaéhes; below the city »

of Mozhaisk the flow of the river is regulated a) by 1arge
reservoirs on the Istra, Ruza, Ozern, and the Moskva River at
Mozhaisk (Ryabyshev, 1964); 'b) by the inflow of water fronm

 the MNoskva Canal via the Skhodnia and Yauza Rivers and ‘locks;

and c¢) by the.presence of nine small dams, of which five are
: : . : . - .

1Gcated below the oity.

The flow of the Moskva River is regulated by large f: _ i

reservolrs in the upper reaches of the river, by permanent

dams which raise the level of -the river within the city, and B

by removable dams which maintain navigable levels below the

city during the navigatidﬂtseésoh; Regulation of the river':x

Vflow in the. unyer course of the Moskva began in 1934 with

.:‘thhe cons»ruction of afd’m on the Istra River and was:
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_completed by the filling_of a'reSerQirson thev02ern'Rivér in -
1967. The total volumé contained in feservoiré-is 800:million
‘w3, By means of Aans, the run-of‘f‘ from 52% of the total drain-
| age baqin of the Moskva ijer above the city is regulated in
the. upper reacheq of. the river. Owing to the.construction

of reservoirs; it is now possible to malntaih a:minimum“r
dischérge of 29 m3/Sec (with.97% probability) instead of the
minimum of 8-9 m3/sec before'regulétion. The greater ba;t of
the diqcharge of water is taken to supply the city.'

Since 1937, water has been fed 1nto the river from
the Moskva Canal so.as,to lmprove the cnﬂdition of the river
in the city, For a ngmbér of.reasons the quantity of water
suﬁplied from the canal has fluctuated; 'dufingAfhe war years
the d%ersiqﬁ'was‘ihterfubted;. éfte; the warAit.was reﬁewed  ' §g
to the»amount of 25-30 m3/sec during thé;éﬁmmer and 5 m?/secv |

’during_ﬁhe:winter; since July, 1964 water has been diverted

the whole year round, with thé.exceptidn of the period of

spring flooding, at a rate of 30 m3/sec. into the Moskva

River and 6 m3/qeo vig the yauza River. Beginning at ‘the

village of PetrOVO Dal'nee, 249 kxm. from thquouth,-the

river is stopped by nine small dams, Three of them--the

Bublevo; Karamyshev and Pererva dams--are of the per-

manent type. The rest of the dams matrtaln river levels only
during the period of navigatlon, _The‘KaramYShev dam and

all dams downstream from it have navigation locks. During

the period of navigation the dams maintain s constant level

. . . ‘ N
i A T e e e




' the dams. In winter,_when the dams are open, the velocity of

the'headwater, and to 2-3 om/sec.in the sections below the dams,
~Under retarded run-off conditions} precipitation_of suspended

.matter occurs, and deposits on the bottom are formed, In the:

‘ appetito of the citv'c water %upplv and the discharge of 1nduq—

wlants, The amount of effluent from the city is steadily increa- o

with fluctuations of 10-15 cm,
The. Dresenoe of “the damq retards'the rate of dis;

placement of the water, partlcvlarly An the seotions olose to

the current is 0.3-0, & m/sec.- After the dams have been closed,

water V@looity is Y'e=duce‘d to O 1 m/>eo 1n the oentral part of

oaée oféﬁsmdnmable dams, accumulation of‘precipitatioﬁ ;s |
seasonal in nature; éftef>the.gates whloh-maintain.the increased .
level have been ‘opeﬁed,.cdnditigns are right for the channel to
be washed out; this oceurs during the time éf spriné fiooding.

The removai of water'frbm the fiVer‘to.qétisTy'the

trlal qnﬁ houcehold efflvpnt from the city of Moscow havg a -

large effact on the regime of the river. The ma jor sources of

effluent are the Lyublino, Kur'yanov, and Lyﬁbertsy purification.

sing, In 1966, the total discharge. of urbén run-off was, on the

3,

average, 33 m’/segc,

The euh"tnntial changes 1ntroduced by the remulation"

of surface run-oIf have not altered the basic featureq of this
Tiver, which is typlecal of the rivers of the Central Russian

Upland:i ﬂlGh 4iqnhqrmp rate during fh@ Sprlng flood perilod




»
and low flow .rates in thé summer aﬁd winter iq#water periods.
The four reservolrs on the upper river cut flow rafeé during .
the spring hlgh-water period,'reducing the level of the:river
within the boundaries of the city by approximately 1.5 m.
Vevertheless, water flow'rates_during the S§r1ng aré»mény
times greater than during theflow-water §er1od:.in i966»the

rate of flow at the Pererva Dam was 700-800 m3/sec,

<

Moskya
B Canailma/t'

um. Mocx Ber

Rublgyg

Mockea MO S COW

: ; Peasnusee Rezantsevo
, 58 © . ,

| pererva fpy ofeccla Beseda -
) : of \\Javsepes Zaozer'e
ot . ) .
Andreevskoe Andpeescroe o .

' : . g o\ lopewwo SOF* ino

'Bronnitgy Spomwum 'S Qﬂg@gvo

Voskresensk  Boxpscenck

Severskil Cemepexwi o) - -
Kolomna  Koromwad i '

"Fig., 1. Diagram of the lower part of

the Moskva River

Data on the rate of flow of the>r1Ver at Pererva
~ and the quantity of effluent relessed in a- controlled way
have made it possible to carry out an analysis of available

matérials that takes into account not only changes in the
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concentration of'conpounds, but also in'the'amount of. matter
passing 1n unit time through a section of the river (Bruevich
“and Anichkova, 1941). The most reliable data on the flow
' rate of the river have been obtained at: the point 1n-the
Pererva Dam where the bulk of the water paSses-throughfthe
dturbine of the power station. Because of the absence of hydro-
metric stations along the 1ower part of the river, the flow
rate at the other obserVation points was determined either
by measurement or by calculations besed-on the area of the
watershed,and the modulus of flow.

' Below, the cnaracteristlcs of the river's condition .
and the patmnms of change will be given '15 for the'
portion of the river above the city, where the Moskva River
is tprCRl of the central zone of the USSR with altered ‘hydro-
1021cal regime~ 2) for the river within the boundaries of the .

'city, where the natural composition and properties of 1ts

"water have chanaed markedly. and . 3) for the segment extend-

'1ng from the place where the ma jor 1nflow-from the city of
Moscow occurs to the mouth, below Kolomna (Fig., 1).

‘Water Quality of the Moskva River Above the City

-The part of the Moskva River aoove the oity.accounts
for approximateiy.half of.theiarea of the'riVer's watershed;
In the territory of the drainage area of this part of the
river, the 1andsoape has remained relatively unchanged the

territory is used mainly for agriculture, and forest tracts

,occupy an appreciable area,
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In the forming of the water's ionic compos1tlon and phys:Lcal
properties, the major part 1q played by naturdl factors having
a large degree of constancy. In the opinion of L S Befg, the
hydrological features of the Moskva River have not changed.
since tﬁe émeryehoe of the city of Mogooﬁ.. CorreSpondiﬁély.
the compoqition and propertieq of its water have remained ,
within the limits of a certain ampIitude of fluctuations, i- 158 : l
constant | | |

The moct aubstantial changeq in the river s hydrolomi-.
cal regime have been introduced by the construction of dams on
the Moskva River.at the~city of Mozhaisk-an&%%ﬁe 1argor 1aft

tributaries, the Istra and the Ruza. As a result, owihg'to

accumulated Sprtngtime run-off:in the resérvoirs, dry seaSQn
flow has increased all the way to the.place whére water is
pumbed from the river for‘the_city of Moscow'a water supply.

- In spite of quite;substantial changes .in the'river's
.ﬁydrological‘regima, the rhythm'of,éeaSonal changes_ln'the
1i.f‘.e,of the river and the furidatnental i0qio compo‘aition and phy’si—
cal properties of the. water. has been matntained. 'The con-

servation_ofithe.natural'composition and propertles of the

waters of the Moskva River'a upper course has been facilitated
by thé fact that the whole basin fromiits sources to the'city
of Mosoow.is included within a sanitary water supp1y protect1on
zorne, The part of tha river from.Zvenigorod to Krasnogorsk

and the Istra River with 1ts'raservoir is a part of the second

region of the protection zone, which has a stricter regime;

’

the area of this region is 2500 km2, The remainder of the basin
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of the ﬁpoer reaches of thejriver. haring a total area of
5060 xm?, which includes the Mozhaisk and Ruza reservoirs,
is 1nc1uded within the third reglon of the protection zone,
Limitation of the use of the water by the populace
and, most important, the regulation of the sﬁnng of indus-
‘triallenterprises have.cheoked'the growthTof pollution. The
‘main sources of vollution are the cilties of Mozhalisk and
Zvenlgorod, rest homes,-sanitoriumé and kindergartens; The
total 1nf1ow ofefflueﬁﬁﬁentering the,river 18'etvthie time
1.é‘m/sec [?107 v lee, 4% of the present dry seasonfdiechérge
et Rublevo, Pollution of the river byefflueﬂm waters 1s
diffuse in nature, i.e. individual sources of effluent are
‘small infvoluMe and’their locatlons are usually'separated.by
a consideréble disténoe,. Effluents do_not‘flow directly 1nto
any of the'reservoire.A In recent yearS, be cause of the in-
crease 1n the use of the river and the growth in the dis-
charge of effluent, there haq been a clear deterioration 1n
water quality aooording.to bacterial indicators, ‘It is much
more difficult to detéot a change in the content of dissdved
compounds. In this connection a good starting point is a
comparison of'present_day amounts of dissoY¥ved substanoes'
with daté‘from analyses of previous years,'when the river wae
less polluted. 1In making comparisons of the present content»
-of dissaved eomoounds in the water, it 1s necessary to take

into account the changes broﬁght about by the enhanced role

of surface run-off in the low-water season, Of the sources of
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infiow_info the river, on the avefage 27% were undérgrounq
- sources, 61%\camé'fr§m mel ted snow"and5.12%'from-rain (Bykov,
1951)., At the present time the émounf:of cdmpounds dissoWed

in the water is determined mainly byAthe water from melted

snow which has accumuléte_d in thd reservoirs a_;ndhas

been.transformedvzg—; greater or lesser degree, The composi-

tion and prOpertles of the water of the ‘Moskva River are typ-
icél of many riverq of the Central Russian Upland for which
lake and swamp‘waters are not an important source of water.
Because of the absence of large areas'qf éwamps and peat bogs}.
the content of.organic substances is low.  The chrnmaticity-'
of the water in winter is minimal (of the order of 10~ 150),

at thg end of the spring hlgh—water period 1t increases, reach-

ing 40°, The average annual chromaticity has increased in

yeérs»of'high waﬁer. ‘The permanganéte_oxidizability has
equélled 5-6'ng/1; and thefbiochemical’oxygen demand (BOD)f_
usually 1.w-2 5 mg Oa for 5 days, .A |
| The total amount of salts 1n the unpolluted section
of the river in the spring high-water period is 5070 mg/l.
The peneral charac*pr of the ionic compoqition in the flood

period correspondL anproximately to that of the annual run-off

with several peculiarlties.indicated below.' Quantitatively,. - i;

calcium and magnesium cations and carborniic. acid anions pre-

dominate. The content of HCOB' increases 1n'spring relative
to the. ]ow—water period,

The. appearance of bicarbonates in ‘the spring high water o 15§.




19
to a considerable . extent should be attributed to the 1nteﬁac-
t;on»of'the.water'from-meltéd snow_aﬁd.thé remains of dead
plant life and fOpsoii. A certain amogﬁt of bicarbonate
(25-30 mg/1l) is béhtainéd in meteorig ﬁatérs (Burkser and
FedofOVa. 1955), .itﬁis possib1e:that the increased content
.df suspended soil particlés.in thé rlvér during theihigh-ﬁater
-period causes a Certain_amount of salts to be transferred into
the watef; ‘There are rather few data>aVailable froﬁvanglyseé
with which to calculate the univalent éafion coﬁtgnt;A the
high-nitrogen'cohtent of ammonium salts should be ﬁotéarl The-
insignificant amounts of chlorides and sulphétes are élose to
the content of tﬁese compounds in m?teoric watérs.- x

-After_the spring'high wéter, thé importance»of grounﬁ
watérs in feeding the river increéées. In proportion to the
1hcrease>in water temperature, the influehoe of biological

‘.prooesseé increases, both in the river itsélf and in the under-
'fldw.. In this peridd the chemical.composition and theAquallty
of the'rivér wéter are determined by the préperties‘of the
ground water bullding up éver the wétershed. The water mosﬁ
closely corresponds tq_a&erage ionic composition during the win-
ter 1ow;watér'ﬁeriod, when it has been_chaﬁged little by bio-
logical processes, After tﬁe construction of reservoilrs, the
importance of ground waters in the‘low—water'periéd decreased’
‘consideradvly.

The influence of pollution by domestic sources of run-

off 1s felt first and. foremost on the gaseous regime; - gquestions

~of the influence on the oxygen regime have received the most
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attentlion, while there are d¢mparét1ve1y few data on changesA

in carbon dioxide content, There aré~substantia1'differenges
in the'river's gasequs regime in different‘seasons; and ice
cover is of:exfreme'impbftance. The uppér reaches of the Moskf.
‘va River ére_ice-covered for four.m§nths, on the average. The
ice cover, as it gréduall&.thickens,'reaching-90 em, isolateé
the river from the-atmosphére. Thiéﬂsituétlbn is reflected
first.éf'all in the.gas.cémpositién;' Cérbon dioxide 1s"nop
coﬁéumed by orgénisms during’phoﬁosynthesis, and beéause of_the
ice wover it cannot escépeiinto:the atmosphere...The increased
concentraﬁion of carﬁon.dioxide enables the magnesiuﬁ-and cala
cium salts td remain in Solutidn; -carbonate hardness reaches

6 mg—egﬁiv. during the winter, The.winter months are character-
1zed.byia decrease in the oxygen coﬁcentratidn aftef the.aﬁtumm
maximum, As is evident from the long-term . average a@nuél quéna

tities cited in Table 1 (Ozerov, 1929), the winter minimum

: approximates summer values in absolute terms, -

Table 1 = o

-Amount of dissolved oxygen in the waters df the Moskva River (mg/I)

' ! N R 1 il
Months! I 'II 1IIIt IV iy V "y VI
v ! ! t {
! [ N 1 1.
Oxygent8,.64 9,219,7112.1 110.4 19.5
t [N ! ! t !

1 ! ] ! 1
VIIZVIIIs IXy X tXI 1XII
A t ! { L :
) t R ' A
8,61 8,719,7111,6113,0111.7
t { t { t

A T T
ot st v i S (PP T
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In the winter months the water is understurated with

_ oxygen, but not to the extent'that might be ekpected in view of
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the prédominant role of underground flow in féedirng the river.

=)
5
¢

grbund water's oxymen has been greatly depleted or is>ab—
sent altogether. This is attested £o by SOil air in the sec=
tions occupled by plantilife and also dy certain dataAfrbm
direct analytic determinations-of oxygen‘in grdund watersf

As observations have shown, enriohmeht of the oxygen
>supply of the Mosxva Ri#ef in winter tékesAplaoe owing to the
river's triﬁutaries, whiqh flow rapidly and are not covered by
2 solid covering of ice (Drééhév, 1964), . Although in their
upper reaches, the tributariés may be completed depleted of
oxygen, in the sections with an open surface, saturation of
the water proceeds most energetically owing to the increased 160
boxygen"éolubility at low temperaturesf Oxygén loss due to
tne respiration of ammiiqlﬁota” is 1nsignifioént gt low ten-
peratures, An important factor in the oxygeh regime in bér;
tain seotions'of the Noskva River is the inflow into the river
of néar;bottom.water ffom réservoirs that is depieted or
almost odmpletely deprived offoxygen during the &intér énd the
last half of the.suﬁmer; Data on oxygen content in the sectlon
of the Istra'River below tne dam can be cited "as an example,
Accordihg to.observatibns reoordéd in winter, oxjgen oontént

varied in the following mannerb(Table 2).

oL e e
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‘Mable 2

i

Amount of oxygen dissolved in the waters of
the. Istra River downstream from

the dam
T — 3 111 5 TII
Test slte |Distance : :
: from welr, mg/ 1l % satura- mg/l % satura-

. |knm, L ' tion: | ‘ tion
At point of N | .
discharge... 0.0 2.9 21,8 3.0 21,5
Buzharovo.. 1.7 7.6 54,9 7.1 Lho,7
Nikulino... 6.0 - - 10,3 72.0

' The_aeratioh ooefficieht.reached 26.7 g 0,/day for a;
1 mz surface aiea on the river; ‘the aeration constant reacﬁed>
3-6, Thus the restoration of a normal oxygen regime in the
river below the dan takes plaoe most‘inteneively,.and theolack
‘of.d18301Ved oxygen is replenished within a distance of 10-15
:km. A simlilar phenoﬁenon'takes place on-the Moskvs Biver‘
Zbelow the Mozhaisk reservoir and the- Ruza River below the dam,
eOn the approaches to the city, at Rublevo, the river has pre-
served a normal oxygen regime right up to the present day.
Determlnatlons of the oxygen content at Rublevo during the
most crltical perlod have yielded the following valueﬂ (mg/l)

2811196"" EEEERE R NN 10.1
29 II 196"" o.-o..'o.--oo 11.1

‘Determinations made at other seasons of the year give results
f;_close to thase cited in Table 1. |

 The" amount and form of nitrogen 1n chemical combination
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'1n'a_body of,water'areléf.intéfést iﬁ.evalﬁétihg the condition
_df the body‘of water andlits capaclty for self;pufification,
- Average data'for the Moskva RiverV(Flg. 2) are typical
for clean rivefs-in the centrél region of the Eurobean part of
‘the USSR (Oéerov, l929)f'.W1th respect té the.forms'of‘mineral

.nitrogen in the unpolluted portion of[the MoSkva River, a sig;

nificant accumulation of nitrate nitrogen has been recorded in

winter,

| | The réason,fdr the low nitrate’conteﬁt in a body'bf'
water during the isummer is their cohsum";ﬁtion~by aquatic. ﬁlé.nt h
’lifé, Therincrease‘in fhe'quéntiﬁytof nitrates in winter has

usually_béen'explained (e.g. Ozerov, 1929) by the inflow of

ground water, However, the accumulation of nitrates ocecurs also

Ain lakes that are not fediby.grouhd'water. Significant amounts

of nitrates ave forﬁéd durine the winter 1nathe reservoirs of
the MoskVa.Canal,‘the Istfa and othefs. Determinatioﬁs-of
nitfétés andﬁammonia;.ca?ried out in 1964'(Table 2) have_shdﬁn,

that fluctuations in nitrogen content fall within limits

determinéd.earliér(Fi@. ?). Thus,‘ﬁo significant'change in the

content of mineral nitrogen and its fdfms in the waters of the

river above tﬁe'city has been noted,

. Thére is a vast amount of analytical'material avallable

for a characterlization of the imﬁc'cdmposition'of the water
above the city at. Rublevo (Ozerov, 1929).  In maﬁy analyées

based on data gathered at the Rublevo sﬁatibn over the beriod

19141927 there is a donsistent error--in converting 1nto%mg-equ1v.é”‘

the sum of Ca = and Mg'' exceeded the sum of the anlons.

161




24

One anaiysis that was carriéd out .correctly, Judging by the
correlation of cations and anions, was that of February 28,
1917. For'a dry residue of 304 mg and a chromaticity of U4°

on the platinum-cobalt scale, the water contailned 2.9 mg/1

of chlorine iéns, 5.4 mg/1l SOu'' and 1.09 mg/1 of ﬁitratgs.

me/l gy

A AL vnvm‘a X XIXH L
. 1914 1915

" PFPig. 2. Forums of nitrogen in the unpolluted part of
the Moskva River’

1 - nitrateé: 2 - totally mineral nitrogen
: 3 ~ albumenoldal nitrogen

Caleulation of the water Compositidn from the sum of anion .
eguivalents yields the fOilOwing_results‘(%),

Cations Anions

Ca it senvens 71,0 Hco3 ceesenees 94,9

S L A soh ciesessess 2.6

Na-.""K. .-‘-.-l-_.-o-uo'n' 3-9 . uoo-ono.-. 1-3
' . NO' N -

3
'For.the high-wafer period, the analysie of April 10, 1916,
with a solid reqidué>of 67.6 me; and chromabicity of EQO at
a confpnt of chlorideq of 0, 9, sulphates 0.9 (sou"). and nit_

rates O 10 me, sati%fies the condition that we have set

.é
. t ﬁ



The percentage composition of the water was as follows (equiv,):’

Catlons o . Anlons
(‘a. * $ & 5 0 0 0 % e s e e 62 O HCOB ¢ 98 5 90 0 . ; o.- 95-3
Mg ® & 9 g 0 % 0" 400 s e e 19 6 SOL“ ¢ 0 s 0 ¢80 a0 303
Na + K+,‘.""".'."' 1814 ' . oc.n--o.oouc 202 ‘
. ) . ' NO3 U UK S SR S B ) lUO

The refative importance of the univalent cations sharply increas;.

- es in the: flood water. while the anion composition 1s virtually
unonanged - The change in cation composition in the flood water .
coincides with an increase in the relative importance of the'
funivaleht cations when a samplé of soil is actéd upon by in-
creasing volumes of water (Drachev and Sobolev, 1926)

The results of analyqes of the ionic composition of the
waterbof the Moskva River above the city at a point in Rublevo,
carried out in 1964-1965, éfe-presented.in Table 3. Certain
changes are evideht when;these data are compared - with those
of analyses made about.50 years ago. Increaséd amounts of
chlorides and sulphateé are characteristic of the low-water.
‘period; and with respect to cétions;fmagnesiuﬁ contéﬁt has in-
creased somewhat, - )

For cémparison, we éhall cite data on~the»composltion
of dissoivedlsaltsﬁtakén atlthe low-water périod 6n February 28,

1917 and February 28, 1964, The cation composdition was (in %

S equiv.):
NHL.L K.+ Na Me** Ca'"
' February 28, 1917 - 3.9 - 24,7 71,4
February 28, 1964 0,26 1.30 4,20 - 30.5 63,7 -

G A
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‘ _ _ _ , o . Table 3 .
Amount of salts dissolved in the waters of the Moskva River above the city . 1
and the Moskva Canal between the 7th and 8th sluilceways (mg/1) .
Point of Date Cations : : Anions
observation NH), J K' |Na" | Mg't|ca"t HCOY | C1' SOy [NOj NOy
i N .
28 11 1964 020 | 28 | 53 | 2020 | 69.74 | 2623 | 114 | 1275 - 095
" 29 11 1964 020 | 24 58 | 1567 | 6553 | 280.6 | 1.4 | 11.72 | —. | 088 : |
9 a4 ’ : . ' _ .
RuUBLevo 2 IIT 1964 0-20 25 | 65 | 153t | 6174 | 2806 | 114 | 1073 1.80
: 41X 1964 0.05 | 26 .58 | 13.61 | 43.69 | 195.4 6.1° — | o0.002 —
51X 1964 . | 0.04 2.4 5.4 1324 | 4328 | 1952 61 | — 0.002 | 005
TIX 1964 | 0.06 | 27 5.4 | 1385 | 4369 | 1940 | 62. | — 0002 | —
Above . 15 VI 1965. — = = | o~ ] w3 1012 | 11 S T
Shchukin o - : 4 : S . : -
: 28 11 1964 .~ | 0.25 2.8 9.9 | 10.08 | 60.92 | 2257 | 17.0 | 3456 | — 130 . S
29 11 1964 0.28 25 | 100 | 1033 .| 5872 | 2318 | 142 | 489 - 250
201964 | 023 | 30 | 125 | 1300 | 7856 | 23138 | 170 | 4485 | — —
Moskva. ¢ 41X 19%4 | 045 19 4 70 9.96 | 29.46 141.5 5.2 18.7¢ | 0.005 -
C?‘nal i 5 IX 1964 0.4 1.8 | 63 844 | 3026 | 433.0 | 49 | - — 0.005 - | 0.42 -
7 IX 1964 0.18 19 | 72 9.00 .| 3066 | 1385 | 49 | = | 0004 —
3 VII 1965 — | 22 | 67 S S IX A TR CR R R




For the more recent analyslils, increased magnesium and univalent'
cation content are characﬁeristic- as a fesult, the relative
amount of calcium present has decreased It is pessible.thet
the changes in catlion composition are to a certain degree
related to the lower salt concentrationsof the sample taken in- | e
1964 ; ‘the dry residue from the sample measured 273dmg/l in
1964 and 304 mg/1 in 1917. At the preseht»time both the winter
and summer,low;water beriods of the MOSKVa'River are less min-
eralized owing to the inflow of water,frog‘the reservelrs in
the upper reaches of the river.

The -anlon composition of'dissolved-saltsvcaﬁ be'charac-

terized as follows. (in % equiv, )
| - HCOB - 80k c1e N

Bebruary 28, 191/ 93.5° 3.3
February 28, 1964 86,6 5

-According,to.the data of the latter~analysis, there}has'
been an increase in anions of strong ecids, particulady of the
chlorine ion;. Correspondingly, bicerbonate lons have decreased

by 7% ‘The data on anion compositiOnfare in agreement with a
change in the nature of natural waters under the influence of
domestilc effluents. | |

_ The composition and’ properties of the Moskva River at
the clity of Mosoow are affected by the regular inflow of water ‘
from the Moskva Canal in an_amount exceedlng by a factor of
four the miniﬁud flow of.the river under natural conditioﬁs.
Data on the amount of salts dissolved in the water of the canal

"are presented in Table 3 Evidently, during the winter low-Water

(e s 4 3 e FERA e
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périod,'the canal's'waters.differ.from,ﬁhevwgter in the Moskva
River by their greatef cohtentéof'Chlorine énd sulphate'ions. 
“According ﬁo data from observations made in the period« 1946~
1956,_the coﬁtent‘of chlorine and sulphate'ions was, on:the .
average, 3.0 and 6.0 mg/l, . with makimum quantities not ex-
ceeding 13.0 mg/l for Cl* and 17;2 for'SQﬁ,(Drachév,‘1956);

| The most'iikely reason for the increased chlorinevénd suiphate
lon content in the waters of thé-canal is the discharge of

effluent from the city'of Kaiinih:intd the Vblga, ﬁhich-is the

pfincipal source for the canal. lThis hypothesis 1s supported

by the detection of .small quantities of copper,‘which is'char;,

acteristic of the industrial_sourceé of effluent of Kalinin, 1nA
the waters of the_canal; The specific features of the canal's
water are evident from the fdllowing:data on cation composition

(in % equiv,):

O NH, KXK' Na® Mg ca**
February 28, 1964 ~ 0.4 1.6 3.8 18.9  69.3

In anion oomposition,_the ch1orine-ion and especially

the sulphate ion content have increased (%):

HCOé son, o _NOB
February 28, 1964 74,1 14,4  9.6. 1.9

The amount of sulphate ion exceeds that of theAwatefs of the

Moskva River by 3 times; and of chlorine ion--by 1.5 times,

The main source of pollution of the canal--efflunt from- the city

MO
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of Kalinin-fis separated by a distance of about 200 km; this
effluentys slowed down by the Ivankov reservolr and by the

reservolrs at the divide.,

Change - in composition and properties of the river R 164 g

Water wlthin the Noscow city 1imits

For a distance of 72 km from Rublevo (232 km from the
mouth) to the Perexrva Dam, the Moskva River crosses the ter-
ritory of the city of Moscow., In this part of the river, which
comprises 14.3% of its total Tength" the river acquires more
than 30 tributaries, of which ‘the most important are the yauza
and the Setun', The river level is regulated‘by-two permanent
dams, the Karamyshevband Pererua Dams,~ouilt.1n‘1935 1936,

Prior to the construction of the dams, the average low-water
discharge of the Moskva River and its tributaries at the formerl
Bab'euorod Dam went down to 8 2 mB/sec 1n winter, and in summer
to 7.7 m3/sec. | .‘ 4 | ‘

At the bresent time the regime’of the river within-the-
city.has been altered by the 1nfiow“of water from the Moskva

- Canal. .Sinoe.1964 there has been a transfer of water all year
Around rather than Just in the spring high—water period - During
_the 1ow-water nerjod the amount of water transferred from the
canal 1is hfﬁ times greater than the naturalilow-water discharge

" of the Moskva River, Consequentiy the'waters‘of-the_upper'Volgal_

to some extent'transformed in their passage through the canal

and- the reservoirs-at the diVide, are of paramount importance
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among the Mos kva Hivez'q sourceq of supply.
The frlbutarieq of thp Moekva Rlver whioh enter within
the boundarigs of the city:introduoe a great deal of pollution

into the river, Prior to the construction of a sewer system, the

'Yauza, and P“DP ]1v the Neﬁlinka, were widely used as outlets

for impurities and wéra considerably more polluted than they are 
at the présent time (Lushchfkhin,_194?).'-Ohe of the most polluted

tritutaries is the Yauza River; its upper reaches receive the

‘domestic and industrial effluent of the city of Mytishch, The

total amount of effluent flowing into the Yauza Rliver and its
tributaries has been caleculated at 0,58 mB/sec;‘whlch‘amounts to
about half of the river's natural flow. . Because effluents enter

the river unpurified, the condition of the river remains com-

_pletely unsatisfactory, in'spité-of the addition of 6‘m3/sec of -

~clean water from the Moskva Canal, The Moskva Rivervacquirés

a significant amount of p@llUtion from its 1eft~tr1bUtary;.thé

_Nishchenka,'the waters of which reopive wastes from dozens of

enterprises, TnGUﬁtrlal offluentq have a great effect on the
compoéition mnd )”ODP*tl@S of the river water within the city.
The total volume of industrial effluent entering the-

Moskva River, dlrpvtlv or after inqufficlent purification ‘was

Ccaloulated in 1965 to be 300 000 m3/day. Not_taken»lnto

account, but deservinp‘of attention ‘and study,.are deposits

on fh@ rwvnr.“ottom and surface run-off from the terrltorv of

the city, . whjch oco\niaq 870 km2 The most' important factor
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in the formation of bottom deposits is- the Pererva Dam, which
éreatés a backwater along the whole length of riVef right to
Karaﬁyshev. The role -of bottom depdsi£s incfeases in pfbpor;
tion to one's.prQXimity:tQ the dam and becomes pérticularly
marked within the- ﬁﬂmféui of that southern river bért..

~ According to»certaig indices, surface runcff from urbén
terfiiory resembles ddmgétic rureff ﬁaters (Shigorin, 1956,
1963;- Kvitnitskaya, 1959). No work~h§s &et been carried 6ut
on quanbitatiVe.evaluation of surface runoff frovangow and
so there are no calculated data available. Itiis esseﬂtial
that work be done in this directionlbefore the'queétion can .
be elucidated.or improvements in saﬁitaryvpohditiohs under-
taken, | |

Within the clty's territdry ére four_shall purificaﬁion

stations.where water undergoes fullibiological purification.

The total output of the local stations is 145,000 m3/day,

which amounté to 5% of the.tétal rureoff entering the city's
'nétwork of waterways. The importance bf.fhis.éource ofipql-
lution in relationtto orgénic substances and the oxygen
'regimé is.not great;' howéver, as sburéés of'bacteria they.are

most significant.

- Owing to the multiplicity of sources of pollution, - :165

it is a complicated task to explain their nature and relative
significance, 'In view 6f‘the importance of presérving the
river as =a componeht feature of the city in gaod condition,

the laboratories of the Basin Administration and Sanitary

ot s g e At A s am e . L. e P T



32
"inspection carry outAsystematic analyses of water samples.'
Processing of analyticai déta shouid_giye not only a baeie
.for practicél;neHSuree-to-improve the river's sanitary:oon-
ditions (rrakhtmah_ahd‘Skidai'Skaya.’1956); but also serve
s materiai”for-generalization in relation to‘seif-purifi;

‘ cations:proceeses in-a riVer wnere unusual. conditions are
present o | |

The effect of all the positive and negative factors
'which inf]uence the r1Ver within the bounderies of the city
is summed un when the watpr leaves the city at the Perprva
Dam.' The outlet of the three major purification plants,
the Kur'vanovo. Lyubllno and Lyuhertsy biological purifica-
“tion gtations, are situated below the - dam.

For a characterization of the river's condition nhen'
it 1eaves the_city, we have-deta:from seasonal analyses made.
in 1946-1948 and 1964-1966. The availability'of hydrOmetric
data enables ue.tO'calculate the discharée of matter in_the
river per unit time, |

The data presented in Tebie b oheracterizewthe river's

'condition'at_the Pererva Dam in 1946 and 196421 According to

the latter observations. the amount'ofammoniate nitrogen and .

chlorine lons has increased, 1nnspite~of the increased dis- .

charge ofiweter;

The most significant sign of deterioration in the con—

dition of the river is the reduction in. oxvqen content, In the

autumn of 1964 there was a drop of almost 50 percent in oxygen




content as éompared with the same périod in 1946. "In the
summer'aﬁa W1nter_the'r1ver was on the verge of anaeroblosls,
Data on the oxygen régime 6? the river at the Pere?va Dam

are: in accordAwith fhé high oxygen deménd,“whiéh in 1965'wés
conéiderabiyihigher than duriﬁg the:yeafé Immedliately after - -

the war.

Table 4

Seasonal fluctuations .in water composition of the
Moskva River at Pererva in 1946 and in 1964-1965,

: T x T '
- - | Nitregda | isseved {9l satur- l\\kl.tzf
Season, [No. | ummhagﬂmtﬁgw;w“ EZ@“S -£“°”“ &ﬂﬁ‘ASJura
year ..\a‘.,-.-.x:-.ﬁts AR AY wyu/t E'"X:«gv ok “"‘)/"é‘ wWigf L C”‘.ﬁﬂe’“. ™ J? m¥fees
| | : 1 :
Summer ©7 |7a9) mes |2z |oao|282) 45 44 - | 4.3]33
1046 Tl A
Au%gﬁn - ;
6 |758] 349 | 200067284 84 | 62 41133
1946 ' e ~ |
Winter 5735 453 | 49]060]415] 3.0 21 “7.2]18
1547 : ' : . '
Summer .- 4 703 285 | 39| — [420] 11 | - 14 6.2| 555
1965 b 1 K
Autumn |° 4 [742] 282 | 26 (470350 - 4.5 38 | — | 850
1964 ' o
Winter 3 710 ‘ 3.80 L 08 |- 6 . 14.0 25.0
1964 : ’ ' c

' The smallest amount of ‘ammoniateé nitrogen was detected
in samples taken in'the autumn._aS~Was the case in 1946, One
of the reasons for this phenoménon may'be the more limited 166;

influence of bottom deposits in the autﬁmn periodiwhén oxygen

[
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1s present in the water in appreclable quanf;ties. It is
known that the entry of ammoniate nitrogen from bottom deposits
- takes place most vigorouely under anaerobicvcondtions.. As fo}
chlorlne 1one, large fluctuations were recorded, possibly due
to changes in the dlscharge of the river and of 1ndustria1
effluents, . :

Table 5

, Diecharge'of.partlcular compounds
by seasons in 1946 and 1964 (T/day)

Compounds: 3 1946 196u"

Summer

Ammoniate mitrogen, ..., | 6.3] 18,7
ChlorideS..esesseves.. |80.4|201,4
" Dissolved oxygen...... |12.8 5.3
BOD51n OZ..-..:...--O‘- 1203 29-8

Autumn
Ammor:iate nitxogen..... | 5.7| 12.
ChlorideS.ceeseecessss [80.1]166.3
Dissolved oxygen...... [24.1] 21.4
BOD 11’10 ® 0 60 & W e P e 11-6 -
5 2 .
Winter
’ Ammoriate nitwogen, .. .. 7.6] 15,7
‘. ChloridleS...essseesess | E4,.5{187.9
Dissd@ved OXYy&eN...ees. b7 1.7
1.2] 30,4

BOD5 1n 02.......--.0- ) 1

On the basis of analyses and hydrometric data, calcu-
1ations of the discharge of 1nd1v1dua1 components were carried
out for a hydrometric section at the PererVa Dam.> Information

on water dlscharge during the time of the 1nvestigation was




obtained from the Moskva Canal Administration. Data On'dis-
”charges were calculated according to the amount of water ‘
passing through the turbine of the hydroelectrie station and
discharged through the sluices. The data of Table 5 indicate

that in the two decades that have elapsed there has been a

substantial increase in the content of a number of compounds

except for dissolved oxygen., . The ammonkﬂe nithxmn‘level-—the'

basiec indeonf.domeStic-fecal contamination--has lincreased
-more;than‘two-fold._ It is difficult to say to what extent
the increase is due to the increasing-quantity of éffluént
water caused by:population growth or to-the_effect of other

factors, The increasing influence‘of bottom deposits or of

wash from the considerably increased'area of the city are«not

excluded. »

The quantity of chlorine, which isadischarged mainly
by industry, has increased’?-B times (Tableis)‘ A study
carried out in the summer of 1966 in the river at PererVa

found 34, 5 mg/l of sodium and 7 5 mg/l of. potassium. The

_sodium-potassium ratio was close to that found in the effluents

from the city of Mpscow (mg/l): o

purification

station dis-
charges Sodium . Potassium
: Kur*yanovo;.... - 80,6 . . 14,5
CLyublino....... 122.5 15.0

Lyubertsy...... 7h.h 15.0

These ratios differ markedly from those of data obtained
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for pure river water and fpr a number of 1ndustf1a1 effluénfé.
,Thé absolute dlschargeseﬂ:Peferva were 36 T/day ofpota531Wm§hd
165 T/day of sodium., It follows from a comparison with chlor- 
1de content that some gf fhe alkaii metals are comﬁiﬁed with-
sulphatés. Below the city, sulphate contenf is much higher
than in unpolluted sect1ons of the river, Industrial effluentsj
play the major role 1n‘ralsiﬁg the sulphate_ion c&ntent.

Industr1a1‘50urces éf run-off 1ncreése the_aﬁount of
copper, hickel, legd;_molybdenqm and silver in the waters of
the river; According to the findings of G.V.Kol'tsov (1968),
the content of the above metals in the water at the Pererva
Dam was>greater'than at any point of observation d0wnétream.
Even at a point situated below the inflow of.aii of the fun-off 167
from the city, the concentrétioﬁ of the ma jJority of elements
was lower than riéht at the point where the river flows out
of the city. |

The organic content, according to the.biochemical
- oxygen demand (BODﬁ), increased from 1946 to 1965 by almost

2.5 timeé.- The ‘increase in the aﬁount of easily oxidizable

organic substance, together with the Increase in approximate-
1y .the same proportion of the ammonﬁaterﬂidmgﬂlconteﬁt,_indi—

cates increased effluent of a domestic nature or increased

pollution of a second order through bottom deposits, One of S
the reasons for the deterioration in the river's oxygen bal- :

ance is the increase in unpurified run-off water discharged

into the river. In 1945 this amounted on the average to
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'38,000 m3/day; in 1965 this quentity hed grown to 201,000
‘mB/day. When “the value of the bioohemioal oxygen dmmand (BOD5)
1s 180 mg/X, the daily discharge of easily oxidizable organic -
substance amounts to 36 T. umall city purifioation ‘plants
discharged lh% 000 mB/day into. the Moskva River. the value. of
BOD5 of the purified water being on the averame-lo mg/l, whioh
.amOunts to 1,48 T/day of.organic'matérial' The amount of org-
anic pollution entering the river from the city territory |

egn be.oaloulaued very aoprOXimately. A8suming that pollution

:introduced hy the clty's surface Tun-off amounts to 15% of the .

pollution from domestic Tun-off (Pravoshinskii,~1965), and
nostulating that the latter value is 300 T/dsy in the city of

Mosnow, we obtnin a value for discharge into the river from

aurface flow of 45 T/day. Where the river exlts from the city_

at Pererva,_the daily discharge of organio‘material, estimated

according to the BOD., is 30 T/day. Thus,. the self-purifioca-
. - . ) .

tion capebility of the river within the eity is several'dozen,'

- (no fewer than 50) tons per day of organic material, The lat-
ter quantity 1s minimal, as the influence of bottom deposits
and the oroduction of organice substances due _to photosynthesis

In aquatic plant 1ife are not taken into aocount

: Comnosition and properties of the water of the
" Moskva River below citynffluentzat points of mixing

.The firqt purification "plants" of the city were .the

fields of irrigation near the settlements of Lyubertsy and

Lyublino, which came into use at the end of the last eenturyﬁ

o
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 Run-off froﬁ the Lyublino irrigation fieids and ponds enter-
ed.thé Moskva Rivef‘at.Chagin; run—qff from the Lyubertsy
irrigation fields discharged into the Pekhorka River, &
left tributary of the Moékva River, Fields.of irrigation,
fields of filtration and blological ponds were very effect-
ive iﬁ"purificAtion, but at ﬁhé samé time gave rise to pro—i
found changes in the.ionh:composition and_the,amoﬁnt‘éf”basic
nutrient elemenﬁé'ccntained in éhe séction of the river beldﬁ
the city (Kalashnikova, ;913; szor>...,_1928)r

One of the_most sensitive indices of pollution by
- domestic run-off 1is dissdyedonygeﬁ.-.According to studies 
made ‘80 years azo, a decfease in dissolﬁed okygen'bdow the
éity was néﬁed before the construction

of a city-wiﬁe sewage

system, M.B.Kotsin (1889) showed that in the summer and win-
ter,.oxyqen content in the river water below the city was

somewhat. reduced, -Dissolved bxygén content was (mg/1):

- In January Average over
. the summer

LoXhino (above the city)...6.23 8.96

Shelepikha(in the city)....6.69 . 8.52

- Chagino (below the city)...5.33 - 6,97
In proportion to the increase in the quantity of run-off
‘and in accordance with the ‘transition to methods of artificial
biological purification, the effect of city run-off on the

composition and propefties of the river water 1lncreased,

Whereas before construction of the sewage system the ammoniate

168
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rufrogen content below the city increased by tenths of a mg
per litre, several mg/l were. detected in the river after
the opening of the purification plants.».
In 1937, as a method of improving the condition of the
river; the flow of the river was increased by water. added
" from the MOSkVa Canal. The investigations of V.N.Kononov
and S.T.Sitnov (i939) revealed an_improvement in water quaiity
“fn the river on mccount. of this-method"within the city. How- .
ever, accordinz to the data of N;K.Deksbekh‘and A.Ya.Musatova
(1940), the effect;of the added water was noticeabie only in
fhe_portion of the river near the plece where pure Water'was 
added. _
Difficult conditions preﬁailed on the Moskva River
‘below the city in wartime and in the immediate postwar years.
Construction and putting into"ooeration.of purification plants
and clty sewers were held np,.and the trsnsfer of ﬁeter from
the MOSKV&_CQH&l.WaS reduced{_.in tne winﬁer 1t was interrup;
Ifed,entirely.
\.Later the high-capaeity.Kur'yanOVO,and Lyublino puriii-
cation plants were put 1nto oberation, and subsequently the
_ Lyubertsy Station with full biological purification (1965),

which all had an effect on the condition of fhe river, A

large amount of analytical data from the studles of 1945~ 1948 ‘
: - i
"and 1964- 1966 characterize the condition of the river at the ' g

point of complete mixing.

During the period»1945-l9b8, the dixcherge“of purified
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run—off water below the city wds 8-9 m3/sec: the Freaterv-

-prooortion of theefiluentnnue*ed from the Lyublino purifi—

cation olants above the Beseda Dam., In the section of ‘the -

river above the dam, water composition has been noted. to be

inhomogeneous over a cross-section. A fall of water facili- -

tates mixing, and in the section below the Beseda Dam the

"river 1is practically-homogeneous in cross-section, 'The rel-

atively small brooort*on ofe fluent coming from the Lyuber—_
tsy ourification olants di_d not introduce significant
changes in the regime Qf the river. In 1965; after the onening

of purification plants at I yubertsy having an output of l'

" million m /day, the situation changed considerably. Thp

discnarge ofer 1uent below Zaozer e glves rise to anaghmwsrsMrw

over a cross-section, and the river becomes homogeneous in-

cross-section bglow the dam af Sof'ino. Tﬁus, in-Qrder to
take into account ‘the effect of alleffluent from the eity,
it is necessaf&‘to combafe data froﬁﬂthe first'pefiod of
investigation below the Beseda Dam with later data taken

below the Sof ino Dan,

Average data on water composition-at the Beseda Dam

by. seasons for‘the years 1947-1948 are shown in Tableséi
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Table 6

Average data on water composition at Béseda, by'seasons

e

Number Alr Tem- Ammoni- Cl' Dissol- 0D5

Season, year of perature ate nit- mg/l ved oxy- mg
5 samples in °C rogzen gen_mg/l 03/1
Summer 1947 33 21,4 6.2 36,00 4.8 10,7
1948 12 21.4 7.4 4,2 b1 10,3
Autumn 1947 28 8.4 7.0 49,0 7.2 19.6
Winter 1947 20 0.4 8.6 53.0 4.9  23.9
1948 12 0.7 10,2 . 64,0 5.2 24,9

The results of the ahaljsés of the tWO«pOStwa: years
were similar for BOD5 and disSolQed oxygen. A@moniaf»and
chlorine‘ion contenﬁjihoreased considerably'in 1948, 1In
spité-on the high value of,thngODS, fhe-watef glwajs con-
-tained dissolved oxygeh. The percentage'saturation~by'oxy-
gen was greétestlin the autumn (5”-72)'andileast in the win-
ter (34-36), The Qomparativéiy satisfaqﬁory oxygen.regime
in autumn and summer is to be explained to a considerable
extent by‘dxygen éaturation while the water flows frbm Per-
erva and fallé over the Beseda Dam, The minimum suﬁmer OXYy=-
éen'cdntent has been reéorded at é'poinf-sitgated:sevefal
kilometers above tﬁe'Beséda Dam at Rezantsevo;‘acodrding to
data from three years of obsérvations (Fig..B). The wiﬁter
:eduqtion,1n'the'amount.§f cxygen éfter the autumn maximum '
was ﬁotvso sharply défined.-_As will 5e shown below, at the
end point of oﬁservation, at thé clty of Kolomna, the season-

al variation in the oxygen regime 1s completely different

169
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from that represented in Fig, 3.
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x4
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1946 " o~ |
Fiw. 3., Amount of oxygen dissolved

in the Moskva River at Rezantsevo,

When‘considéring the oiygén fegime near the point of
inflow of run-off waters that have undergone complete puri-
fication, one mﬁst téke notenof oxygen content in the rﬁn-off
itself, which usually flhctuates between 5 and 6‘mg/1. .The 
value of the BODg in the river was"unusually.hlgh.ih the
vears 19&6_19u8, especlally during the winters, The explana;
tion of the réésons for this phenomenon was indicated above;j
| Within 18 years of the postwarvstudy-of the.river,
substantial changes 1in the.watershed area and .in the fegime
of the rivér had taken place. The population of the ciﬁy
had 1ncreased by 2 million, and the discharge of effluent
into the viver had increased by more than B-Eiﬁes (from 9
to‘jO m3/sec). -

,in order to .compare with the condition of the river
below the poinm;of discharge of gﬁfluéﬁtfrom the ciﬁy, we
shall preéént data from the ihveétigatibn carried out in

1964-1965 (Table 7). -
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Table‘7;

Average data on water composition ‘below the .
‘Sof'ino Dam in 1964-1965, by seasons.

- ~ [Number |Alr tem-|Ammoni-| Cl' |Dissol- |BOD
Date . = |of perature {gtenit-| mg/l |ved oxy-|mg gf
. ' ' samples |in °C  |rogen ~ |sen mg/1]0,/1
March,1964 3 0.1 7.0 123.4 2.6 14,0
October,1964 3 11.3 7.2 | 63.5| 8.2 7.7
June, 1965 3 19.8 5.8 77.0 5.5 8.2

In assessing thé«condiﬁ@h of fhe‘river-by seasons, it
is necessary to bear in mind that in the winter of 196&, 

1.8 m3/sec of water were added‘ffom'the canal and'the dis-

charge of water at the Pererva Dam in the period of obqerva-

tions (March) reached 27.1 m3/sec._ This circumstanpe ex-
plains the chlorine 1ion concentration of 123.4 mg/1, the -
highest value of all_publishea data for.thé Moskva River.,
In spite of the sharp rise ih‘the chibride coneentration
during the_win@er in comparison with the data of Table 6,
the oxygenvdemand is Just over half'as_high. The water con-
tained 2.6 ng/1 df ox&gen, while in previous yearé in'March
at Sof'ino - the supply of disgolved oxygen was almost
exhausted, In summer and autumn, when a considerable amount
of water was being added from the canal. the chlorine ion
content fell sharbly. In spite of the‘incfease in the dis-'
chérge of effluents, values of-BOD5 were considerably lower

than'in 194651947.

Thus, desplte the increase in the volume of run-off,

170
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the chémicél indices of pollution 1hdicaté s more .favourable
pilcture of the conditioh of the riﬁer than ppevious_inv;;ti-
ggtions. . |

Table 8

Daily discharge of chlrine ions at'Beseda
~ in 1946-1948 (T/day) - :

Years

1946 | 1947 1948 1949

" Season . |

Summerl - 154 232. -
Autumn 155 167 184 -
. Winter . - 155 213 | 196

Caloulatlonq made on the basis of average data on the"
oonﬁent of partloular 1ngred1ents in the river and discharges
of water glve a repreqentation of the absolute quantities of
‘substances brought Lnto the river by efflueﬁts Table 8 presents
data on the daily discharge of chlorine ions below the inflow
of the_run_off ﬁater.from the éityAin the post-war years.

Taking into account the substantial differences in

hydrological conditions and possible fluctuations in discharges‘

of ihdustrial chlorine, one may assume that the data obtained
yield quiﬁe constant values 6f Bétweeh 150 and 230 T7day., Of
this~amounf, ahout~10%‘éh0uld be attributed'to the natural

» disoharge”df the unpoliutedvriwér. jDomestic conéumption in ﬁhe
-city.with 4 million population amouhts to 4O T, of chlorine ion

per day; 1ndustry three te@ four times as much.




| | s
Chlofineiion discharges at the Sof'ino Dam"have been

5

(in T/day);

w1h£er; 196& ~ Autumn, 1964 . Summer, lééﬂ
604 . o 527 - . 552

On the assumption ﬁhét A of'the'chlorinenioné would
be present in unpolluted water’and_lb% are attributablg to
thé population of the'qity (6 million), we 6bta1n a flow of
be tween 450'and 500 tons of 1ndusfr1a1 chlorine tons, 1In
comparison to previous 'studles, the ratio of'dOmestio chlor.
ine to industrial chlorine has risen to 1:9 (cf. 1:3.5);
i}e. the dischafgé of industrial chlofine_has incréased by
approxlmately three times; o

Changes in anion composifion have - taken place due to:

the influence of effluent run-off (Table 9).

. Table 9

Anion content in river water at Sof'ino ‘ -}

during the summer of 1965 o ¢ B

(mg/1) - | ' ' B

. : : i

Date HCO3 ' Ccl: e SOR ;

June 16| 206,5 79.0 72.0 :
~June 18] 203.8 - 82.9 72.0
July 2 | 201.4 €9.4 69.6

Sulphate ion content was approximately equal to
that of chlorine ions,
Doméstic sources of_aﬁlueht are of paramount import- -

ance in relation to ammoniaté ion content, which builds up
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In large amoﬁnts after the hydrolysis df urea and consti;
.tutés 12.5% of fhe_cétion composition of urine,
Calculations,of thé amouht of ammbniﬁﬁtnitrégeh
at a point of complete mixing (below Beseda) are shown in .
Table 10. - | |
Attention is drawn'to'the high degree Qf.eqqality -
of the data for summer'énd.autumn. In i9b7 the flows were
simiiar in all of the seasons of the year; in 1948-1949 the
wiﬁterAflow of nifrogen ﬁas considerably'ﬁigher. |
B During the investigation of 196U_1965, the flow of ni-
- trogen in the rivef'below the - discharge into the rivéer éf a1i

run-off from the city of Moscow (at Sof'ino) was (in T/day):

Winter Autumn

57.3

Summer

62,6 38,7

Attention is again drawn to the higher inflow of
:ammohlate nitrogen in winter than in the summér,'which poséib-

1y i1s related tc the decline in urban population during the

summer,

Table 10

Deilv discharge of ammoniate nitrogen at Beseda (T)

, ‘ Years
Season
‘ 194¢ 1947 1948 1949
- 21.5 21.6 -
22.5 22.1 23.9 -
- ~19.0 L 32.5

171
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The dally céntribution of ammoniate nitjogéiﬁo the
SewWsxe éystem By one perSon is taken to be Qqual to 6510 g.A
In the years-lgué-i9u9. when the population of the.city wasb
L. million, the m{nimal‘norm corresponds to 24 T/day of nitro-
ren, As can he gseen fron Table-lO, this amount was exoeeded-
arly in the wirter months. In other seasons of the Year tﬁn
~uantity esleulated was qulte close to those obtafnediin the
su%mer and éutumnAdf 19475ané 19h8;

&ccofding to the dats of 1§6u—;965, tﬁe nitrogen»dis-
charos qntually'foundAin the summer wés close to the ninimum
caleulated ahnue, whilé ir autumn and wintér 1t approached
thﬁ maximal norm far daily 5jtrogen discharge, which corres-
sands. to 66 T/day Tor a vovulation of 6 million.

S.N.Stroganov has shown (1623) thaf‘ﬁhé nitrogen con-
tent in the sewnce water is closely linked to the feediﬁg
habits of the pooulatién{-‘It quld seeﬁ to‘be-plausiﬁle
Athét the‘inqrease_in the daily dis;harge of nitrogen in the
river can be explained 1ﬁ termé'df‘iﬁprovément‘in the nour-
ishment of»the population, The cémpéréfive éonsistency 6f
the data'obtéined makes 1t possiblé to proceed ﬁo a calcula- 
tion and quantitative expressilon of the chénge in the natu-
ral resime of bodiéé\bf watef affected by dischérges éf
domestic-effluent. Obsérvations and éalqulations over a num-
ber of yeaféAshow thgt the content of‘one_of the most impor-
Ctant nﬁmﬁent ‘eleménts--nitrogen--1npreases in a volume of

‘water in direct proportion to the number ofsinhabitants
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‘served by the sewage system, '
From the level of:the bidchemicél oxygen'demand for
a five'yearléeridd the quantity of organic easily oxidiz-
able matter may be caloulated Data on the flow of organic

matter by season below the Beseda Dam are shown in Table 11,

Table 11 ..

Discharge of organic material below main sources
of effluents, based on the BOD5 (T/day)

S Year
Season . . ) : '
1946 1947 1948 1949
Summer .- Ls,8 37.1 - :
Autumn. 61.0 65.0 30.0 ’ - o
Winter . - 95.0 - " 95.2 76,5 . - _1

The amblitude of fluctuations from year to.year and

from season to season in the amount of. organic substance

lies within the 1limits 30 T - 95 T, considerably exceed-

ing the diﬁer@enge in amouﬁts of ammonium and chlorine lons,
The main caﬁQéé"of thls have been‘changes in. fhe operation
of the ourifivqtion plants and in ‘the river's self- purifica~
tion processes, According to data from 19&7 arid 1948, the
value of the BODq in winter was twice as kigh as .in summer,
The quantity of organic matter in the winter of 1947 was 95
T/day,.while in the summer it was 45.8 T/day; cofresponding
fiéurés for the next yearfwéré 95,2Aand 37.1 T/da&.

One should point out the iﬁcreaée in the concentration
of liquid effluent rrom the city of Moscow in winter which was

 first noted in a survey of the operations of the Qubiino_'i




by
'filtration fields. . |
From the results of four years of observations,_ﬁt
has been establlqhed that in the summer, the average valﬁe
of oxidizability wae 53.6 mg/l and of BOD5 was. 310, while.
in winter the-exidingility was 70,8 mg/l and the BOD5 430,
l.e. 349 highef than in the‘summer; In summer. the content
:of'suspended.matter was 410.6; 1in winter, b98 0 mg/l -~
e diffefence'of almost 20%., Subsequentlobservatiens taken .
at the Kozhukhovo _aeratioﬁ‘station have confirmed these
results, Consequently, both the eufifieation planfs and
‘the rivers have a hixher load in the winter than in summer.
Deterloration in the work of the purification plants
~during the winter has been noted in the literature.  Accord-
ini to the data ®f N.A, Bazyakina (1948), the effective oxidiz-

ing power of the“biological filters is appreciably ioWer in:

hinter‘in the case of aerofilters, and especially percolator

filters,

How much the operation of purificaﬁion plants detef»

L ptom e o

1orates dur1ng the winter period can be seen from the data

of N.M. POpova (19%9) On the gverage over a three year per-

iod, (19u6~19u8), the purification blants yielded effluents

containing almost twice as much erganic matter (based on the

BODé);ih~winter'than in summer, - " A o :e S ~ .”i
In 196&51965, the'flow bf organic'matter:belew all

sources of run-off of the city’conetituted.(in T{day) : ' ) £

Winter Summer Autumn

4.8 70,6 63,9 .
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According to data obtained in the studies of 1964~
1965, the amount of oféénic matter in the water at Sof'ino
was;somewhaf less than in the winters of ;9#7-1949; and |
was close to that recorded in the autumn.of 1946 and 1947,
| Aésuming'é daily norm of inflow 1ﬂfo thé sewage sjs—

tem from a single inhabitant of 50 g/day, based on the BOD5,

we abfein g total of 200 T of ormanic matter for 1947 and

300 T for'igéu. Thus, while in the first period of investi-

qatioﬁ, up to 48% of oalouiatéd vaiuéS'of'organib natter _
were detescted in the river, 1n'the'period 1964.1965 the maxi-
mﬁm load entérinq the river did not reéch 25¥Aof the calcu-

lated values,

fn the.196h-1965 invegtigation of the river, a determi-.

nation of the content of mineral and total phosphorus in
the polluted section of the river below the city was made.
Data on phosphorus content below.the inflows of'all‘run-pff'

in th» summer verlod are presented in Table 12,

Table 12

Phosphorus content in river water below the inflow
of city effluerits in the summer of 1965 (mg/1)

Date Total Mineral Organic

' phosphorus phosphorus phosphorus>
June 16 0,65 - 0.40 0.25
June 18 | 0.60 0.30 0.30
July 2 0.63 0.25 0.38

e s vt 1 ey ~onm s

- .
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-”ln comparison with the unpolluted sectlon of the fiver,
the phosphorus . increased by one order of
magnitude, Approwimétely the same results were obtained for
both summer and autumn, Calculations of dailv flows of |

phosphorus give the following values (T):

S Winter Sumner Auvtumn

Lou 5.0 5.8

Taking the magnlitude of the dsily inflow of phosphor-
us into the sewaze system to be 0,73 g for each inhabltant,
we obtain a.total phosphorus.disoharge of the.order of 4.4 g
per Aday. This value coinecides with that detected in the
river in winter and 1s avpreclably 1owef than.that glven by
data obtained in summer and autumn Because some of fhe

phosphorus 1is eliminated along with sediment ‘when ths run- off
waters are purifled, it is to e supposed that there are -
other sources of phosphofus. |

Determiriation of the alkali metal content in a hydro-

metric sectlon at the Sof'1ino Dam~(Kobyakova,‘l968) has made
1t possible to compare seasonsl fluctuations in the concentra-
tion of the e Plpments and “to calculate dally flows (Table 13).

Fifteen tons of potassium and 30 T of sodlum enter the

river with'domestlo fecal sffluénts. Four times this amount

of potassium and ten times this amount of sodium were detect-.

’

'sd in the river; the difference>ls to be attributed to indus- .

trlal effluénts.
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Table 13

Content and flow of alkali metals at the
' ' Sof'ino Dgm '

Potassium - Sodium
Date : e B S et o . -
‘ ng/1 | T/day ng/1 T/day
Mar., 6-8, 1964 13.0 67.3 62.0 321.1
Oct. 9,17, 1964 9.3 67.2 b7.5 343.4
June 16 and - : o :
July 2, 1965 S 9.31 66,6 | 47.3. 339.1

The data presented on the total floﬁs«qf certain
:ingfedieﬁts df theionic composition:ahd ofznﬁriaﬂ; elements
are generally quité steady and can serve as a basis for fore-
castihg changes in the cémposiﬁlon:of the‘water‘when city
effiuents are discharged into the.river.-lIn tﬁelcase of nit-
Togen, bné:méy aésume»that 8 g/day 1s-the norm for each inhab-
itént. Approximately 0.8 g/day df‘phosphorus per unit df.
population have been found in the.r1ver béldw the c¢inflow of
city effluent. It wouldybe.intefesting to Qomparé our data
with those of studies madé_on'rivérs that flow through other
ma jor Citie$; : A" o .

"The changes in‘the'imﬁc compbsition due to the influ-
ence of city and industrial waters aﬁmum to an increase in
potéssium and especially sodium ions, chiefly owing to a drop
" in calcium. With.respect to anions, there is an increase in-
the relative chlorine and sulphate ion content due to a drop.

-in the amount of bicarbonate ion, This rule holds generally

. . .
ey G e
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for carbonaceous-calcareous waters, .

Coﬁversion.of orggnic ﬁatter in the river 1n"summer

Under summer condiﬂons‘a boﬁérfui factor in the con-
version of;mattef and energy in a body of water is_the-abtidn
. of the mywtiélﬁofa;Quantitative ways.of 1hvestigat1ng ﬁhe role
of water organisms.1ﬁ'se1f—purificat10n proceSses_have'beenV
discuééedlin a paper by G.G>Vinbérg (196&); The phenoménon
of eutrophlcation_of'a‘body éf water affected by domestic and
induqtrial-effluéht§ and changes-in the abundénce of amwiié
unma have been studied in 1akeq in Switzerland (Hasler, 19&7),
the Federal Republic of Germany (Thienemann, 1955; Ohle, 1965)
the U.S.A, (Edmondson, 1961; Davis, 1964; Carr and Hiltunen,
1965)j '81ow.currents‘in parts of the Moskva River near the.
dams create conditions to.a certain extent aﬁbroiimating those
df ponds. | |

The~Mosk§a.R1ver is-a sultable object of research info
’coﬁveréion processes. . inaﬂmmh“as _ theeﬁfluenugfrom the
clty of Mo,cow represeﬁt - concentrated massive source -of
pollution. Below the nearest dam thiséffluenx 1s mixed homo-
.geneously with river wéter.‘ Furtﬁer'cﬁanges 1h'thé composi«
tion and properﬁies-of'the.water are"tozbe_attributed:mainly
to processeS‘takiﬁg place in the river, as over the ﬁhole
remainjng extenf of the river thére are no other sources of

pollution comparable .in scale to the dralnage from the city.

Before the opéning of the~Lyubertsy aeratlon statidn, the

§,
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~ section ofrriver"suitable~for the study of self-purification -

processes from Beseda to the mouth of the river was 140 km
long; in 1964 this was feducedyto 90 km‘(from'Soﬂlhd.to
the mouth). o

Certain complicafions‘are introduced to the-regime of
the river by polluted tributaries——the Pakhra River, having
a watershed area of 2614 xm?, and~tﬁe Pekhorké River, which
has acquired effluent from the Lyubertsy irrigation fields;
however,‘the relatlive iﬁfluende of these tributaries.is small.
Data on the change in certain fundémentai'iﬁdicesidf water
gquality in;the section from Beseda to Kolomna during the
summer of 1948 are shown in Table 15.

Average'daﬁa for.the season récoid aﬁ improvement in
the oxygen regime from the pqint of complete mlxlng at‘.
Beseda to the river's mouth; the percentage saturation.rises
from 46 to 98% at Koiomna.‘ Downstreaﬁ along the river, a
decrease in‘the contentlof chlorine 1on‘énd.ammoniate nitro-
men takes place. A small reductién in permanganate oxidiz-
ability-has been recorded along.tﬁis éection of the river}
The. other lmportant indices of the conditioﬂ of the river--
the biochemical oxygen demand, the .content of matter in sus-
pension;.and the trénsbéréncy-—do not show a picture of
éradﬁal decréase from the pqint of greatest bollﬁtién to
the final point of observation. |

The BOD5 level, rather high for the river, proved to

v

174
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be pfacticaily steady for the whole 36‘km distahcé from Bes-
gda to Zéozer'ya. By Sof'ino,'situafed 50 km from the 1n1tiai
point of observation, the valué of tne BOD; has increased by

a factor of 1.4, Furthef on, at Bronnltsy, the BOD_ dropped,

‘ _ 5
but only toward the final point of observation 140 km from

Beseds did this quantity fall to 25% of its initial value,

According to the calculations of M.G.Ryabyshev (1964), displace-

ment_of the water mass in this section‘of the river took 9
days. -At.the usual‘rate»éf:decay of-organic matter (constant
0,1) the value of the BOD5 towards Kolomna.shouid-be_only 13%
of ‘the BODg value found at.the initlal observation point, _Ah
inerease in thé.amount of suspended-mattér-has been establish--
ed at.Sof;ino and_particularly at Bronnitsy;:<this is ppssibly
related in some wéy to the increased BODs. |
One of the basic indices of the condition of a body éf
water 1s the magnitude of the‘biochemicél ox&gen.demand;_ there-
fofe, data’on the‘change in BOD5lovef‘eaqh of the summer months
‘of'i9u8 are shown in Table 15. | |
According to average monthiy data, the magnitudelof the
BODg was higher at Sof'ino, 50 km from the poin£ of'digcharge
- of the main bulk of city_effluénts, than at the poiht of com-
plete mixing of effluents into the wétef. This phenomenon was
especially well defined 1ﬁ June at Sof'ino and Bronnitsy and
4 in July, when the BOD5 at Sof'lino was twice as'th'as at -the

starting point, Less distinctly, an increase in the.BOD5 was

recorded for the same section of the river in the summer of 1947.:

o N Ay, bt ) e 3
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Aélearly as 1913, S.N.Stroganov, when'conéidering data on
‘the\Moskra Rver, made notevof.a'period which_was'character-
ized by a retardation:of'oxidation proceéSes‘and even an
increase in the BOD (1913, p.1lbk1)., |

The distinctive courqe of change 1n BOD5 in the pollu-‘
ted section of the river was noted by B.A. Skopintsev (1933).
Adeterioration in -the condition of a body.of water at a cer-
tain distqnce from a source of pollution. occurring after the
decay of the bnlk of the polluting organlc material. has 1ong‘
been recorded as a ohenomenon of second-order pollution.
In rivers this phenomenon-is-far from the-rule. The conditions
of appearance of this phenomenonAand the‘quantitative paramet-
- ers for expreesing its scale and consequences have‘received
- 1little study. Pauees of the deterioration of a body of ater
at a considerable diatance from the source of initial pollu-

tion may be bottom depoeits that have’ settled as a result of

s slowlng down of the current . at a certain distance from the»
initlal source of pollution. 'A_secondiand'more frequent case
of second-order pollution is an increase. in the formation of
organic matter by higher water plants and pnytoplankton; The
conditions for luxuriant development_of uater plant life‘in

theﬂsection of the river below theldiécharge of effluents_are
most favorable. -The‘amount of nitrogen in the-polluted water

has been increased by more than two orders of magnitude (Tab- = |

lesio, 7, 14); phosphorus content is one order of magnitude
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higher and the doncentration éf caicium is 5-7 times greater,
In the polluted section of the river the abundance of trace
elements is considerably~augmehted and quantitatively enrich-
ed, | | _

The development of water plant life in bodies of water
that'havé received substantial amounts of effluents that have
'undergone.purlficétion (Kokin,-1963> is reflected in the
quality of the water and.gives rise to a number of diffiéul-
ties in 1ts utilization for_iﬁdustrial and domestic purposes.
Becéuse-of this, methods hévejbeen studied for elimlnating.
nitrogen and phoéphofus from‘run-off waters, Bogan et al;
(1960), have shown that.wlth the aid of algae, a substanfial
amount of(phbsphorus-can e ellmlnated;' Bush et al (1961)
have established in field experiments phat 50-70% of the
nitrogen and from 19-68% of the phosphorum can be elimlnated
using algae. Gates and Borchardt (1964) haVe made a>deta11ed
study‘of the conditlpns of extraétlbn.of the princlpal nut-
ritive eleménts by algae.  The quesfion of‘potassium.inAthis
regard>has nét bheen considered. Inasmuch aé‘the incréase ih
botassium content aocdmpanying eutrobhicatlon of-bbdies of
water proceéds at a siow‘fate;‘the.development of“ceftain
species Qf Water plantS'may be 1im1t§d.by a lack of potassium,
Gothas at al (1954) have established that a factor limiting
the QeVeidpment of algae 1in 1agooné&?§ofganié carbon, Bﬁsh '

et al (1961) have found that the addition of carbonic acid

175
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facilitat@s sucoeqsful development of algae which extract

matter from domestlc effluent Abundant development of

Table 14

Variation in composition and propéfties of river
water in the summer season of 1948 (average data)

B Z ‘B §
e 8 r
Indices § 7z § 2 o
e : i
a T o % n
e s a
¥
Water temperatuvre, °C 21,4 20,6 21.5 20,8 20.2
Dissolved oxymen, mg/l  L,1 = 6,4 . 7.5 8.5 9.3
Z - qaturatlon (oxveen) ué 70 80 92 98
BOD: mg O . 10,3 9.8 14,7 10.9 7.9
0x1di~ab1§1tv mg 0n/1 - 13.0 12.4 12,0 11.9 10.6
Nitrogen in ammonia
Chlorides, me/1 ‘ 54,2 - 49,9 48,1 bh,5 50,0
Clarity, cm ' 16.0 18.1 23,0 19.4 23.3
bquended matfer, mz/1l  13.4 10.2 13.9 213.6 13.1
Number of determinations 12 13 14 10 17

phvto- aﬁd zobplankton in the Moskva.31Ver has been.notéd
 repeated1Y. In_experimehts on determination of pﬁotosyn-
theals, 1t has been shown that 1in the upper pool be tween
Beseda aﬁd Andreevskoe, a 1arge gquantity of organic matter
is being ﬁrodpoed at the same time as destructive processes
ocecur, although in-this section no increase'in BOD héé.been

5
noted, - Ag the experimehts of G.G. Vinberg et al (19€6) have

shown, the nresence of even a maxlmum amount of living algae

doe= vot cause an increase in the BODS; however, the decav

of dead celle is related to the consumption of large amounts
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 of oxygén. It~follgw3'from Table 14 that.ﬁhe inoreasexin'«'
ofggnic natter in Jul&iépproachéd'thg'magnitude.of ﬁODS at
the initial point of observation, Avallable data (Drachev |

and Sosunova, 1953) make it possible to. calculate apprdki-

mately, on the basis of the difference between oxygen content

in dark and light flasks, the amount of ."clear production® of

oxygen, For water.fIOWS of 92,4, 46,0 and 28,4 m3/sec in the
. river, oxygen prédnotihn'uhs 33,1, 46,6 and 27,6 T/day res-
pectively. The éverage value of 36,3 .T/day is of the'séme
order as the'ampunt of organic matter &t the_inltial.poiht

" of obéerVations at Beseda (Table 115. The data shown give
‘an idea of the scale on.which’organic-mattér.1s producéd in
the polluted river. A_Substaﬁtial increase in'the bipmass
»6f_p1ankﬁon could have affected ﬁhé increase in thé amount

‘of.susbended matter in the river at Sof'ino and Bronnitsy
_ . E _ =2 | :

L4

(Tavle 14),
.'Tableulﬁ‘

‘Rlochemical oxygen demand (BOD5) in summer (mg/1)

‘ . Distance . - Months " | Number

‘Point of observation |from _ o of ob-

: S " Imouth (km) [ VI VIl VIII serva-~
tlons
BeSEAA waeseennvasasas| 140 11,7} 8.8 | 10.1~ 12
Z80ZET 8 veevnansunns 120 9.3110.5 | 9.5 13
SOf'INO suevsnesoscons 90 16,2 | 17.5 | 11.1 14
BronnitsSy seeeesecess 80 18,61 8.7 5.4 10
KOLOMNA vuvernnacanns 6 7.9 7.8 8.7 17

176..-
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Detérminatiqns cérried out in_1965 5y A.G;.Bakulina»
showed an 1ncrease'in.prganic cafbon content in the_ﬁater of
the Moskvé River above Voskresensk of‘up'to 17.0 mg/1, com-
pared with 13 2 mg/l upstfeam.at Bronnitsy. For a water flow
“of 80 m3/%ec, an 1ncreaqe in carbon content by 3 8 mg/l above
Voskregen%k conqtitutes about 30 T{day.

| Thus, during the sumnmer the‘content of organic matter.'

and consequently the river s oxygen regime as well, are main-
.1y.determ1ned, in spilte of the low: transparencv of the water
(Table 14), by the action 0f~photosynthesis in plants., On the
basis of the biochemiCalnoxygen démand;_thé gréateSt accumula—
tion of ofganic matter was observéd 1n_thenseétion of river
at a distance»of 50-80 km from the point”of inflow of ef-
Fluents, which corresponds in time to 3-5 days of water dis;
nlqnement The total dailly production of . organic matter
approximdately oorr@qoondq in magnitude to the quantity of org-
anic matter discharged 1nto the river with the effluents from
‘the cify.. | | |

The oxygen regime of the riﬁer and Self-purificationﬂ
processes during the autumn :

The distinctive features of the balance of organic mat-
erial in the Moskva'River.in\fne summer are to a considerable
‘extent explicable in terms of the retérdation of the raﬁé df
the current by dams., The predominance of processes of syn-
thsig over decay of organic mattér is related to the abundant

.development of phytoplankton in sections of retarded flow,. .
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As autumn approaches, the activ:Lty of -
'phytoplankton, especially the blue-green algae, begins to
be limited by. temperature conditions.

In carrying‘out autumn obqervations;-changes in-
.readily decaying organic matter and the features of the ri-
ver's oxygen]ﬂgime were investigated. In particular, a study
was made of the siguificance of aeration. through the surface’
of the water andpwhen tﬁe water passedvover'dams-(Medvedev;
1940), Questions concerniné the~balanee ofldissdyed oxygen

were investigated in.1947 in thebsection of the’river bounded

:by'the dans at Reseda and Andreevskoe, The general picture 4

of oréanicpmatter'decay processes and the oxygen regime were
studied in 1948 for the complete length of the river; repeat-
: ed.cbservations-under varied conditlons were made in 195&. |
| Studies, relating to the autumnlpericd somewhat con-
ditionally, encompass the months September_to'Novmﬂmr- The

most characteristic feature of this period 1s the ﬁrop in

water temperature from summer maximum to stable winter levels

The increased solubility of oxygen at low temperatures,
coupled with the reduction in the oxygen‘coﬁsumptioh in the
river}lvis reqnnsiple for the maximal oxygen content in the
autumn in the unpollutéd part of the river (Table 1),

Owing to the steady decrease in temperature, each of
the autumn months has 1ts own characteristics. Data for

September, particularly when autumn is fine, belong
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with those of the summer, although fhe initial drop ;n'tem-
perature does introduce some changes, Data from later in the 177e;
autumn are more'interesting; ae ﬁhey describe the period - g
precediné the transition to the winter periqdiof ice cover,
It 1s possible to determine the effect of the ice cover by
comparing the data for iate eutumn, when the temperature of
the water is nearly that of winter, ﬁithAdataAtaken durihé
the winter. | o |

‘The resultsvof‘aAstudyhof'the oxygen regime in the
autumn of 1947 in the most.poliuted section of the r;ver,'
the Beseda-Andreevskoe sectlon, and along the whole rivertin
the autﬁmn of 1948.are presented below. |

. MeteorolOgically and hydroloéically; the'eutumn.of a
1947 was distinguished by_g dry, warm September and a warmer
than usgal'Octobe;'and November;A In November there was;a con-
siderable‘amount ef preeipiﬁetien, which'fell-evenly.during
the month, As a result of .the dry weather in September and
AOctober.and the'absence-of prolonged rains in November, the
.._autumn as a_whole wae cheraeterizquby low, evenly distribﬁted
water.content. ' R - y

Simultaneous investigatlons ware begun on October
14 at the Beseda~and Andreevskoe points.:'Semples.weretaken
twice a day (ﬁdrhing and evening) at eaeh point,.making 1t~
possible to obtain comparable data, Dﬁring the'observaﬁion.
period, alr temperature gredualiy fell from +11° to -2, =3°

Water temperature fell from +9° at the bveginning of ﬁhe
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| obserﬁation-period to +2.8°, Fc?~the most.part thefWeafHer |
. remained calm, which facilitated the manifestation of 011 "1;
vbollution in the fivér; ~The'presenée of a film:and‘surface' :

.pollution ranging frqm 2 to 5 on-a five-point_Scaie were

. recorded bontinuously. Watér'dischafges in the riverVWere
steady and over the obéérvéﬁion period constituted, on the
average, 36,7 @3/3901 of thch effiuenfs accounted fof 9~. 
mB/Seé. Thus; w1th respect'fo'hydrblogical and meteordlog- - . ‘f
iecal cohditioﬁs,,the ﬁeriod'of obéerVationsvwas typlcal for |
late autumn. The 14 km.-long Beséda—Andreeﬁskoe‘section has
ho tributaries, and therefore water dischargeé were taken to
be equal at the 1h1t1a1‘and_final’points. Iﬁ‘this section of
the riﬁer, pfodesses,of self—purification'took place intens:
ivély, 'After'receiving the.éffluent of-the“iargest'source:
6f pollution at that time, tﬁe Lyubliﬁo complex qf purifica-A
tion plants, the river wafer'became:homogeneous 1n.compositidn
_and physical properties:after passing oiefH§he,BesedalDam.
In'spite,of the eveﬁness of_river‘flow and the comparativé
stability'éf thé weathefiin the-éﬁtumn of 1947, substantial
day to day flﬁctuations-in fhe abundéncé of dissolved okygeﬁ{
suépended matfer and‘in(BODS Have'beén recorded, aé éan be
seen from Table 16, which shows amplitudes of..fluctuatlons
over the'observation périqd and averaée data on the basic
indices of watér‘quality. | .

- On the bésis of water dischérge over the period 6f

observation and data on chemical composition, a calculation
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of-the discharge of certaln substances at the points of .
observation ﬁaé carried out (Table 17). .

Stability of ammonium salt. abundances was mamifested
with gdeqUate definition, Varlations in the content of sus-
peﬁded matter in the given section of the river_were‘insig-
nificant, Against_thié background,'the change in the values
of BOD5 and dissolved QxygenAareAclearly evident. |

On the basis of the data'dbtained, 1t 1s possible to
calculate the owidation rates of organlic substances. The
hqﬁrly decrease . in the abundance'dfiorganic substances,
according to S.N. Stroganbv (1939), was:0.38 mg, Calculat-
1ng.the value of the'deéay constant fer the ofganic matter
by means of the accepted fofmula (Bazyakina(Al933): we obtain
the value k1l= 0.26, | |

Thus, in spite of the low temperature, the oxidation
rate of organic matter, based‘dn the BQD5. is higher than in
summer, | | “

The considerations expreésed above as to the role of
photosynthesis in the balance of organic matter in the river.
is in amccord with the data obtained during the autﬁmﬁ.- At
low temperafufe, processes of formatlon of ofganic.matter
prpceeded on a'substantially reduced scale If at all, _Thé
. dissolved oxygen contént was reduced by a1most 1/3 and the

reduction in the abundance of organic matter (based on the

BODS) was everl more sﬁbstantial;

178_
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‘Table 16

Baslc indices of water qualiﬁy,‘Octéberﬁ19u7 .

. Number . Content
‘Indices ~ of det- - - — .
' ' ermina- .JMinimum | Maximun | Average.
tions ' :
BESEDA
Water temperature,®°C. .. 20 3.0 9.5 5.7 ;
Dissolved oxygen, mg/l.. 20 3.4 10,0 7.2 :
% oxygen saturation.,... 20 27 7h b5 }
BODe, Mg On/lieasvseeses 20 1h,1 24,4 19.6 :
Oxiglzability, mg O,/1.. 20 12.7 21,4 15.4 :
Ammoniate nitrogen, mg/l- . 20 5.0 : 9.5 7.0 f
Chlorides, mg/l...evevee 20 Wi, L 57,6 h9,0 ?
Clarity, ClMicievesssenesess 19 8,0 - 14,6 10,4 ;
Suspended matter, mg/l.. 20 - . 8,0 20,4 o 1k,2
ANDREEVSKOE |
Water temperature,©C. .. 187 3.0 . 10,0 5.7 .
Dissolved oxygen, mg/l.. 18- 0.8 8.6 W7
% oxygen saturation..... 18 6.0 6l - 36 .
BODgy, M Op/Lluviuaesases, 18 8.3 . ikl 11,6
OXiéi?ﬁbil ty, mg 0,/1.. 18 12.8 17.7 15.2
" Ammoniate nitrogen, mm/l 18 J. 4 10,2 7.3
Chlorides, mﬁ/l.........‘-18 2,2 54,9 9,2
Clarity, cm..... viireessese 18 7.0 18,0 11.6
Suspended matter, mg/l.,. 18 8.0 20.0 . 13.2 §
Table 17 -
Dailv dlscharge of matter in autumn
3« . Beseda Andreevskoe R
~Indices mg/T | 1/day | me/l | 1/day
Ammoniaté~nitrogen..- 7.0 22,0 - 7.3 23.1
CthI‘ideS..}-a...... u‘9lo * lssiu u’g'? ' 157'6
DissdAved OXY&ENeeees Ta2 22.8 h,8 . 15,2
. BOD (02).luo.¢"l-- 9.6 62.1 11.6 . 36-8
uquended matter.....lu.B

46,9  13.2 L1.8




The decrease in the abundance of organic matter in
the water of the- river between Beseda and Andreevskoe was
25.3 T/day; the dissolved oxygen content”dropped by 7.8
T/day. .Subtractiné the latter value from the former,‘we
obtain that the oxidation of 17.5 T/day of organic matterv
should be attributed to oxygen entering the ﬁater from the
alr; For a water surface area of 2 km?, the coefficient of
aeratlon through_the_surfsce can provisionall& be taken to
equal 8.8 g Oz/day; A

The intensive.development of oxldizing precesses in
the Beseda—Andreevskoe~sectien diminishes considerably faf-»
ther downifhe river. Thus, in November the BOD5 was, on the
average,'é7.4 at Beseda, 8.5 at Andreevskee; and 7.3 mg 05/1
at Kolomna--a drop of 18,9 mg 0o/1 in the 1l km stretch,

" followed by ;'dfep of 1.2 mg.OZ/l in the 152 km section. A
rather high BOD5 lTevel was very stably maintained fer a long
distance down .the river, -

Observations carried out in 1948, comparable as to
weather conditions with the preceding year, but\uﬁter,yielded

results as shown in Table 18.

As a ooneequence of an improvement in the quality of .
effluent purifieation and a somewhat himher water content,

the initial value of BOD5 in the river at Beseda was half

as high as for Qctober of the preceding year,

179 .
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‘Table 18
Average water quality indices for the section fﬁ
of river from Beseda to Kolomna, autumn 1948 B -
Indices - .~ Beseda Zaozer'e Sof'ino Kolomna _;
Water temperature,®C, 9.4 9.0 77 7.4 ;
Dissolved. oxygen, mg/l, 6.8 8.1 8.9 10.2
% oxygmen saturation 57 62 68 83
BOD4, mg 05/1. - 6.2 5.1 3.2 3.2
BODz, mg 0,5/1., 6.9 7.6 6.7 6.4 !
0x1dizability, mg 0,/1., 12.8 . 12,2 10,6 10,7 é
Ammoniate nitrogen, mg/l. 7.5 - 743 6.2 7.1 ‘
Chlorides, mg/1, 54.8 53,6 46,8 h2,6
Clarity, cm. ' 1¢€.5 17.9 " 25.5 22.5
Suspended matter, me/l., il.1 16,8 18,3 11.1
No, of determinations 12 11 12 16

Further dqwnstream, BODg changed 1ittle, a decrease of
2]5 mé 02/1 being reached only at Kolomné.~ The BODSAat the
inal obhservation point, Kdiomﬁa,'é.hlmg 0-/1, eiceedsAby a
factor»of 3nthé Value usuall& found in the ﬁhpoiluted'section.
of the river ahove the ciﬁy. A
The relative stability of the BODg over the whole
1enq£h of the river in autumn ﬁas.confirmed in the autumn of

19&4 (Table 19),

Table 19

‘Biochemical oxygen demand and dissolved
oxyren content in October 1964

P

OFnervabion point  No, of deter- BODq, Dissolved

. ‘minations - mg 05/1. oxygen, mg/l
Bronnitsy 9 L.,4s - 8.32
_ : 17 ~ 4,48 8.1
Voskresansk ‘ 15 ' 3.52 : 8.14
16 - b,32 8,14

Seveérskii o 10 - k.80 7,80
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In autuin the BODs'did.not_fall below 3.5 ng/1 over

the whole length_of the rrveri its average value.was 4;5;

the.abundanee ofldiesolVed”okygen remaining high and.etahle.p

Thua the re is_no_foundation_for,oonsidering lack of oxygen

to be a factor 1initing‘the poésiﬁlity of oxidation ef'org-

anic matter,

" The. constant preeenoe 1n ‘the river water of a rather A

high, praoticallv stable amount'of organio matter can perhaps
. be explained hy +he stability of compounde contained in ef-
:fluente that have underqone‘oomplete“b101ogical purification,
This pertalne espe01allv to the data of 1964 when the Qﬁant-
.ltv op offluente that had undergone complete purification
had 1ncreabed. |

Probably the 1nCrease_in BOD5 oceurs due to oxpgen o 1801?
.consumption in the oxidation of ammon;atevand nitrite nitre-

sen, In flasks,nitrification processes usually begin to dev- .

‘elop on the 5th’to 10th day after the start of the experiment,
In waters that have‘been‘subjected to complete purifieation,

earlier influence from this process 1s possible, The data

of Table.l8, where'determinations of 3 and é;day-BOD'are
shown, indirectly oonfirm this supposition, .as in the case of
longer periods of observation, a sharp drop in BOD has been
rooordeH.downstreqm'along the river. However, in the case of

3 dav oo"erVation Derlods, when effects of the nitriflcation

process'are un]ikely, the BOD remains high even at ‘distant

points. of observation, - _ - : :
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Not excluded is & BOD incresse caused by-SiowlyV

'acting1photOSYhthetic pfqoesses. Ag'is.known, abundant

phytoplankton_devélbpment is sometimes observed in wiﬁter S

in ice-covered conditiohs. Finally, a certain increase in

 BOD 1s possibly due to the influence of bottom deposits that

have accumulated becaﬁse'of_retardediflow;

In the transition period from navigational to winter

regimé with free river flow, suspended substances are dist-

ributed in a distinctive lengitudinal profile, At the Bes-

eda observation point, above which there are no dismountable

dams, there are, on the_avéragé for the season, 11.1 mg/l of
suspended matter. At Zaozer'e and Sof'ino, situated below
the Reseda and An&réevskoé dams,4where_bottom‘deposits.have'
principally accumulated, the abundance of suspended matter
‘increases to 16.8'and:18.3 mg/1l. At the Kolomna observa-
tion-pqint, located below the Severskii Dam, where bottom
deposits have not accumulated as much, ﬁhe content of sus-
pended matter returns to its initial value.

A sharp changé in theArivér's oXygénvbalance occurs

late in the autumn after ice formation on the surface, It

" was found during a passage in November, 1946, that the

abundance of dissolved oxygen increased from 10.Uuat Beseda
to 12.6‘mg/1 at Zaozer'e and was 10 mg/1l at Bronnitsy. |
Towards the city.of Kolomna. aﬁove Which:as a resﬁlt of
heaﬁy frost ice 20 cm thick had formed on the‘river( the

oxyrgen content dropped to 7.6 mg/l. The discharge'of
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dissolwed oxygen in the river fell from: 66,3 T/day to
47 9 T/day.

As a whole, the autumnAperiod 1s more favourable than
‘summer.and winter in relation to the oxygén balance;_as.can'
be illustrated by aAcorrelation of diésolvéd oxygen and

BODs (Table 20),

Tgble 20

Relation of dissolved oxygen .content to B0D5'(%)

Season, date. Beseda - Broﬁhitéy o Kolomna

Summer (VI, VII 1946) 17

37 53 ]
Autumn (IX 1946) © 65 262 262 ~

Winter (III 1947) 20

Thiq circumstance is confirmed by data on the absolute
supply of oxygen 1in the river, which sharply 1ncreases in
autgmn in comparlson wilth summer and winter, In the absence
of 1ice cover. the favourable condition of the oxygen regime

would Pe subsequently mainained as 1in the case of rivers

e NI A X TS

which do not freeze in winter,

LIS, Sy i

R g

L I L T S TN PTET TT PIAeT G LY et )

One factor in the oxygen regime 1s aération of the

water as it passes over a dam. The bulk of the water in

oo

the river passes over the dam with a drop.of 2,5—3.0 m,

R,

Beoause bf loosely-fittéd slulce gates, part of the water
sprays-out in jets through the gaps. The comparatively

small proportion of the water which passes thfough naviga-

s w ey ey e
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tion locks is not'éubjeéted_to this aeration, Observations
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made at the Andreevskoe'bam“in summer. and autumn have shown

~that enrichment of the water's oxygen supply when it passes . 181,}

: over the dam depends on the oxygen deficit of the water,

During the summer period, when the saturation 1eve1 was about'
60%, no perceptible enrichment of the water:withioxygen wss'
recorded at the Andreevskoe Dsm. In the autumn, when the
saturation level above'thevdam wss fluctuating from 6 to 55%,
the fall of water had a marked effeot. .Oﬁ the basis of the
discharge of water and increase in_dxygen'content below the
dam, 1t was established that the daily addition of oxygen
when>the water passed over the Andreevskoe Dam was 13 T, and
at the Beseda Dam, 9 T, which added together amount to 35%

of the demand for oxygen (BODS) at the Beseda Da&m, Thus, on

" the Moskva River there is a factor for improvement of the

oxygen regime whioh goes into effect automatically during the

‘period of low oxygen abundance the.favourable effect of

this. action increases in proportion to the drop in oxygen
content ‘Aq‘indicated‘above; the.isflow of oxygen through
the surface of the river in October in the Beseda-Andreevskoe
seotion was 18,7 T/day--an amount comparable in magnitude to
the gquantity of oxygen entering the river as it passes over
the dams. Oxygen enrichment when the water passes over ‘the
dams is a oheaper way to supply oxygen to the river than
aeration through turbines (Scott, 1958) or by means of speoial 3
equioment (Kaplovsky, 1964) ., |

A .sharp increase in dissdved oxygen, ensuring a favour_

able oxygen regime, is a characteristic sign of autumn on the

RS T AN S
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Moskva Rivér. This ‘is generally true of many'r1Vers'in the
SoViet Union; as a result, autumn conditions are more favour-

able for éelf;purificatldn of the rivers than those of summer

and winter,

- Oxygen regime and water gquality under winter conditions .

Features peculiar to the winter period are: low water

temperature, decreased flow, andnice'cover'whichl1solate$ the
water'from‘the atmosphere, Each of these factors éxerts an
1nf1uehce on tﬁe oxygen regime of the river and the course of
prodesses.of'sélf-purification. In the léte autumn, maximal
saturation of the water with oxygen has been noted (Table 1),
related to the increase in solubility ‘of oxygen in cold water
and reduction of the_biochemical»oxygen demand to minlmum
levels. Rétardétion of_biochemical oxidation proceSées lé
especlally well-defined at temperatures nearing zerd'(Draéhev;
1964) , | |

| For many riVeré;_wintér diséharges'are at a minimumk
compared to other seasons of the year., According to the’
classification of: M.N. L'vovich (1938), rivers of the Volga
" type, in which sources fed by melted snow predominate, have

two subtypes, Northern rivers of the Russian Plaln’haVe

" minimal flows in winter, while in the. case of southern riverSv‘

minimal flows occur during the summer. Accorddng ﬁo,the data_
of V.D. Bykov (1951), in 27 years of observationg on the

Moskva River, minimal flows were recorded 13 times in summer;

9 times in winter; . 6n;5 occasions summer and winter discharges
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‘Were equal.--Since water bhegan ﬁo be transferred from"the.
canal, the behaviour of the river in the qity and downstreanm
has been detérmined prinéipally by the amount of water added.
fhe signifjcancé of the canal water was clearly shoﬁh in the
winter of 196b;-wh9n no céﬁal watér was added, and maximal
pollution ahdzéglt concentrati§ﬂsAﬁere‘detegted,

Tce covér is the controliing factor as regafds fhé
oxygén regime, esoécialljifor_polluted rivefs. ‘As“indiﬁéted
1n‘Table’1, in the_ﬁin@gy mon%hé thé least level of saturation
of»thé water with ovygen (59—%6%) was recorded in the-unpdil~

uted section of the river. . Ground waters, which predominate 182

- in feeding the river in winter, contain an insignificant amount

v

of oxygen. The maintenance of the comparatively favourable

~oxyvegen regime of the Moskva River can be explained by oxygeh

saturation via polynias and waterfalls (Drachev, 1964).

on thé average, the duration of ice cover on the Mogkva
River in the city has been 123 days (with fluctuations from

94 days in 1933,.tb 168 daysvin 1810); The discharge of a.

S large volume of efflﬁents hasfsharply'alteréﬁ the conditions

of lce-formation in the section of river within the city and

" helow,

Data on the oxymen regime in the Moskvé,River under

winter condltions have been presented in several previous

Apapers.- M, B, Kotsin (1889) was the first to carry out deter;

minations of oxygen ébové ahd below the city; it waé also he
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who first'determined the»biochemioal'OXVgenAdemand the . o
"coefflcient of oxygen variability" calculated accordinp
to the decrease of oxygen in two days in a thermostat at a

temperature of 33 Determinations below’ the city showed

a small decrease in oxygen content in winter~ such aidecrease

wab more clearly evident in summer,
A different pteture resulted from an investigation

Carried out in 1915 in the section from Shelepikha

“to the Severskii 100ks.. These materials were_presented in

tabular form in' the 1915 Report of the Provisional Committee

on Finding Ways to Conserve WatertReServes. without textual
commentary. ‘From the tables, 1t is clear that in January,
oxygen content in the river below the city fell to 1,0-2.6 mg/l.

Observations made by S. V. Bruevich (1927, 1929)‘showed

 that in winter‘self-purification"processes-take Place very

.slowly. At Kolomna, the point most'distant from the source. of

effluents, the Moskva River was extremely polluted. In the
section below the Andreevskoe locks, the water contained 1.0-
2. 0 ‘mg of dissolved oxygen per. litre.-‘ o

In the winter studies of l9b6-19b9, greatest attention
was naid to the oxvgen regine and biochemical oiygen demand;
Weekly extraction of samples was carried out for the whole
ninter period at Beseda, Zaozer'e, Sof}ino; Bronnitsy and
Kadlomna, 'At;the'end7of the winter, samples-were.taken at
certain noints every day. Tne‘data obtained éive a represent-

ation of the condition of the river and the course of self.
purifiCation over the whole winter season.
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Hydrological measurements and calculations of water
flows and current velocities and observations of the con-
dition of the ice cever were carried out underAthe guidance

of M. G. Ryabyshev,

A facter constantly affecting(the regﬁme qf the river
was the reroval~of water above the city by stations of the
Moscow water system at the rate of 8,8-8,9 m3/sec° The -
amount ef run-off ﬁater from-the city someﬁhat exceeded.the
volume of water collected by the water system from the Moskva
River, which can be eiplained by the inflow of water into the
city from other sources. | | |

Observations on the river were begun in 1946-1947,

A comparatively early freeze-up followed a dry, cold November,
Decembervﬁas.dietingﬁished by low precipitation (LO% of the
long'term average for Moscow and 90%rfor Kolomna)., The temp;

erature in December was close to the longterm average., Jan-

',Uary was cold, especially in the first and third ten-day periods.

.Deviations of 1.1- 3 7° from minimal temperaturee were recorded,

February and the first twenty daye of March had freezing weather,

B speciallv in the first twenty days of Februarv. Deviations

from average temperatures for ten—day periods were 6,5-5, 20,
A feature pecullar to February and March was the 1arge amount

of snowfall (282% of the norm in Moscow, 410% in Kolomna),

_forming‘a.thick covering on the river, A stable transition to

positive dally average temperatures wa's recbrded:from March 21,

towards the time pf cempletion of winter'obserﬁations. The‘




Tiver froye over during the second ten days of Novembez.

Below Andreevskoe, icelstayed'all winter. Towards the ‘end |

of the winter,:its;fhiokness in the lower course of the river
'reached'60-70_cm. All dams-on the river below the inflow 183
of'fhe>oity effluent were dismantled after the freeze-up in

the secondfhalf of Deoember,:with the exception of Sof'ino;
which was dismantled at the end'of January, 1947, Because

‘of stable weather conditions and the absence of winter high-
‘water periods,mflucfnations.in water levels were insignifioant

-over the whole winter.
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'Fig. 4. Chlorides in the MosKVd River
(corresponding samples)

_ 31; . Beseda 2. Bronnitsy._ é. Kolomna
The work began with manifestetion of vertical and
hOrizontal nomogeneify of ri?er flow, Investigations during
the summe r established equalization of 1onu:compo&duon
'~¢ and physical properties of the water in the section below the
.Beseda?Dam. This work Was w=r>eed:ed under winter conditlons

fter the dams were. dismantled. The data showed complete




equaliiation of idnh:cmqmsﬁﬁonover‘a cross section ofithé
river at fhe.Bronnitsy and Kolomna observation points., The
ionic compositionand water properties were relafivelv homo -
geneous OVer a Cross %ection of the river helow Beseda,
>Neverthe]eqs, at the point below BeS(Aa,'three samples were

taken over a cross section of Tiver =n as fn avrrive at an
. i SR

average sauple for chemkcal 8halysis,
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Fig., 5. Ammoniate nitrogen (N: ir Lhe Mesiva {ioraw
(correspondirs anmules)

"Notation the <amée ag in Fig., 4.

ATﬁe trqnspositién of a méss_of water from thé uppermost
observaﬁion point-to.Koidmné took 11 davs; In accrrdance with
this figure, obseTVations were begun at vavious intervals so

as to obtain synchroniyed qampleo. mstcf'flow for the whole
winter was extremely stable, The averave Fflow ot ihe Beseda
Observatisn poiht in the 1ast ten days of Februéfy cdnstituted

27 m3/qoo, and in the first and qeoond *en day periods of

March, 26 and 28 m3/sec, almost exactlymcoinciding withAaverqge

monthly values for January and February.
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Fig., A. Pisbo]ved oxyegen in- t%p Moskva River
: : (correspondines samples)

ANotation the same as in Fig.‘u{

Tn accordance with the stability of river flows and of
amount of run—off'éntering the river, the ionic composition ‘

was distinetly uniformy a rather_high degreé of alkallnity was

_found in the river: at Peseda, within the 1imits 4,72-5,7] ma-

equiv,, on the average 5.16, and, at Bronnitsy, 5.08-5.45 mg-

equiv, Tho-relativeiy stable content of chlorides At Beseda,

-Awhich qub81des steadily towards the mouth of the river, is

: shown in Pig., &4, The average chloride content at the Beseda

"observation point was. 66.8 mg/l; at Bronnitsy, 56.6 ne/1, and

- at Kolomna, 51 O mg/l. In the. case. of nany riverq of the

Soviet Unlon. an increase in the concentration of chlorides
towards the mouth has been recorded The drop in chloride

oontent in the Moskva River testifies to the addition of water‘

to the river from tributaries and underground sources.
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Fig, ?.‘-Diesolved oxygenoand saprophnytic bacteria

'l.'-Oxygen, mg/1., 2. Number of.bacteria/ml.

Ammonium confent was qulte stable both at the . 1853

initial obserVation point - and at downstream pointq (Fig.5).

. The forms of chemically~combined mineral nitrogen for the

" period of observation were characterized as follows (me/1)

_ ; .- ' Beseda ‘Bronnitsy Kolomna
Ammonlate nitrogen , . .

8.3 11.0 8.7
"Nltrite nitrogen . . . ., 0.10 0,003 0,000
Nitrate nitrogen'. . . .. 0,16 0.11 - 0.00

-The-presence of:oxidized nitrogen, which is character-
istic of natural reservoirs in winter (Fig}»z); waslrecorded
at the point of wreatest pollution 'at'Bronnitsy its‘contenﬁ,
decreases and by Kolomna’haS.dropped to zero, These cnangeso
are oompletely in accord with tne qeneral direction of pro- _
cesses In-a polluted river; The oxygen deficit was suffilci-
ently slgnificant that in the waterq of the river at Kolomna,

even chemicallygcombined oxygen in the form of nltrites angd .

‘nitratee was completely exhausted,

The ressons for this phenomenon can be clarified from

‘PFig., 6, where data on diesolved oxygen content are shown., The
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highest oxygen content is found at the boint of greatest
pollution at Beseda. At‘Bronnitsy,‘the oxyegen content is
venishingly small, and, at Kolomna, ie calculsted in amounts
of the order of tenths of a mg per liter,

The high oxygen content 1in winter_at the point- close

to the poiht_where the_effernts are discharged is not s coin-

cidence, It is elear'from Fig. 3 that in the wintef, at the
prlace where efflﬁents have been discharged for a number of
years, a rather high'qugen eonfent has been recorded in the
winter, A directly opposite plcture is given by determinations

of oxygen at the final obhservation point in Kolomna (Fig. 7),

where summer maxima are replaced by winter minima.

The.content of quickly-oxidizing organic'matter remains
high, and approximately'uniform, both at the Bronnitsy observa-
tion point and at Kolomna, Average values of the BOD. and

oxidizability are shewn in Table 21.

| - EEEEiEl
Content of organi& matter (based on BOD;)
in winter, average data
Point of | BOD ‘| oxidizability, | BODg . 100;.
observation gf 02/) mg of_02/1 oxidizability, %
Beseda ' 25,1 o 1 - 23,2 e 108
Bronnitsy ' 11.5 16,2 ' - 71
Kolomna - | 12,1 13.0 90

In Table 21, the magnitude of BODg at the Beseda

" observation point is given with a correction for the consumption

of oxygen due to nitrlfxoation. At the points situated down- .




8l
stream, according to the.data-of:L. A,_mlkhailovskaya, no |
consumption of oxygen-due to oxidation of nitrogen occurred
in the waters investigated over the incubation period.

For 11 days-—the time for the water to travel from
the upper observation point to Kolomna--organic matter was
only . partially oxidlzed; At Kolomna there remeined, onlthe
average, 45% of the initial amount of organic matter, caleul-
ated on the basis of the BODE, and 56% calculated on_the basls.
of oxidizability, | - |
 The relation of the magnitude of-theﬂéOﬁS_tO’oxidiz-
ability remained high o (70-907 up to the'mouth),_while
'for pure hodles of water,~it is 20—~ Zé%-(Draohev, 1941), A
drop ln BODQ oceurred in the section of river from Peseda to
Bronnltsy, and further downstream towards Yolomna, a certaln
i . S tendency for the BODS to 1ncrease was noted The latter ls‘
| especlally marked when . calculations of absolute quantities
of matter ln the: river are made (Table 22)

A very substantial decrease in BODs (bv 21,2 T) oocurredt"
1n the Beseda-Bronnitsy section; the decrease ln dlssolved OXYy~-
gen.here-was 9;5.T.. Ignorlng ‘the relatively smallAamount of
chemlcally-combined oXygen used up (Nozf. NOB')' one may 186
conditionally assume that about 12 T of organic matter had

been oxidized due to oxygen enterlng-from'the atmosphere,

For a 10 km2 area of river surface, we obtain an aeration
value of 1.2 g/m2 for the section of rlver from Beseda to

{f : ‘ Bronnitsy. The duration of the displacement of a mass of




water from Beseda te Bronnitsy 1is about(5-6 days.

Content and dally flow of dissolved oxyqen
and the: BODq

82

+ - Table 22

Dissolved
oxygen.,

s

Beseda 3 Bronnitsj Kolomna
mg/T [ T/day mg/1 | T/day mg/1 [ .T/day
5.0 | 11.7 0.75| 2.2 | o.9| 1.7

25,1 | 586 | 11.5 | 37.4 | .12.1 | b9

A large quantity of suspended matter, gradually precip-

itating downstream with the current, wes introduced with the

. effluent from the city into the river.

A well- defined drop

in the content of suspended matter occurs 1n the Beseda-

Bronnitsy section.

oontent of'suspended matﬁer~has been recorded,

when daily flows are calculated (Table 23).

especla

.Tahlet

‘Near Kolomna, a certain'increase in the.

11y marked

23 -
Content and_flow of suspended matter
Point of Number of Water flow me/1 T/4
observation .| determinations %/sec s/ /»ay
Beseda 10"> _ 27.Q - 49.9 116.4.
- Bronnitsj 7 33.5 19.3 55.8
' Kolomha 6 43,0 23,0 85,4
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The preclpitation of suspended matter proceeds quite
intensively in the Beseda-Bronnitsy section; the drop in \

the daily flow of suspended matter is 61 T. Counterposed

- to the process. of precipitation of suspended matter is a

reverse transfer from bottom deposité of‘dewddued gaseéus,
dissolved énd'suspended Qompoﬁnds,

A deteriorafign in water quality occurred in the
Bronnitsy-Kolomna sectlon; this was expresséd as a reduction
in the content 6f dissolved oiygen,'and dsoxidafion of
mineral nitrogen, At»the same time, the.BOD5.and the bio~ .
chemical index of pollution inoreased. The cohtent of
suspended mattér rosé. Detailed bacferioiogical observatlons
carried out by Ye, V., Dianova and A.A, Voroshilova (1952)
showed a siénificant ihcrease in the number~of prophytic
bacteria at Kolomna (Fig. 7).

Thus, observations at the ‘end of a winter which

‘approximated long-term averages with respect to meteorological -

condlitions, indicated the ébsence:of_aeration in the section

- with constant ice-cover.

The observations described encompass the>end of ﬁhelwintet
pgribd, when all of the features of this senson are most well-
defihed. Observations_onjpaftiqﬁlaf months of the winter will
be coﬁsidered below; - . o o ‘ | 187

The ice cover formed in the lower section of the river

in-mid-Noveﬁber; 1mmed1ate1y, 1t had the effect of reducing

‘ Oxysen content Qt Kolomng, .Accdrding to observations carried

out_in December at BeSedav(B analyses)'and>quomna (4 analyses),

’




- .
the condltion»of~the river was characterized by‘the following
data (Table 24),

Table 24
. Data on water composltlon, December, 1946. A

Point of Water [mg O0o/1 BODg Oxldigz- Nitrogen Chlorides
oObservatlon | temps 2/1 abllity [Ammon- Nit- Nit- mg/1

: : Oc - . mg O,/1 |iates rate rite | .

. : - g/l

Beseda | +1.9 | -5.5 | 28.9 | 22.9 | 7.0 0.18 0.68| 61.8
Kolomna | +0.1’ 5.0'- L9 154 _7.7 0.6 0,80 | 53.7

The river contained dissolved oxygen up to the mouth
on the aVerage 33% of complete saturation, toward the mouth.
the<BOD5>fell sharply. One may Jjudge as to the changes in the
nature of the organic matter towardskthe mouth by the reduction
in the.bioChemicalAindex of Ppollution from 127 at-Beseda to‘32»
at Kolomna. The changes in the form of'the'nitrogen testify
to the grorth;of reduction oondltions: nitrite and nitrate‘\
‘nitrogen diminished'in content towards”the:mOuth. |

Table 25

Basio indices of water quality at Beseda, ‘
. Winter, 1947. .

Indices _ . ’ Months

~ ' : I I 11T
Water temperature, C - .63 0,20 0.76
Dissolved oxygen, mg/1l 3.2 549 - b, 6
% smtweation wlth oxygen 23. L4, - 31,
BOD mg O /1 ) "25. 19.7 227
'Chlgrldes, mg/1: . 69,8 67.7 66,4
Ammoniate mltrogen, mg/1 8.9 7o 8.6
. Clarlty, cm 4.6 6.2 7.5

The results of observatlons ‘on the- change in dissolved

~oxygen content and B0D5 1n subsequent months are shown 1n

’
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Tables 25-27.  In proportion to the distance ofdthe point

of observation from the plaoe where pollution'is greatést

a sharp and steady deorease in oxygen content 18 clearly
traced out. A second circumstanoe, also olearly recorded 1ng
the tables,'le the substantial drop in BOD5 in the Beseda—
Rronnitsy section and the extremely small decrease 1n the
Bronnitsy-Kolomna section, Curves of BOD5uin some periods of

: obserVation,intersect for'these two'poiﬁtsQ

Table 26 -

Basic indices of water quality at Bronnitsy, Winter, 1947

~ Months
Indices : - e
S o I ' 11 ITI
Water temperature, ©C 0.8 0,0 0,0
Dissolved oxygen, mg/l 3.2 1.8 0.7
- % saturation with 0p - 22, 12. . 5.
BODs, mix 05/1 12,4 13.9 10.7
Ammdniate nitrogen, me/l 10.7 10.4 " 11.2
Chlorides, mp/l 63,2 57.8 - 59.3 -
Clarity, cm 7o 8.3 13.8

The decrease in'dissolvedvoxygen (mg/l) at Bronnitsy
and Kolomna, on the average, 1svstab1e from_monﬁh to month,
as 1s clear from the followlng flgures:

' | XIT I  II  III
At Bromnitsy , , . . - 3.2 1.8 0.7

At Kolomna ., . . . . 5.0 2.2 0,7 :0.6

Winter observations on thedMoskva River were eontinded
in 1947 1948, The winter of 1946/47 had been close to the

1ong-term average with respect to hydrologioal and meteorological
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conditions- the next year was different November was.
marked by warm weather and heavy precipitation° all of
December there was unstable warm weather. ‘with frequent thaws 188
and precipitation in the form of rain and snow--213% of the_
norm in Moscow and 275% in Kolomna, . Positive deviation_from

-long-term average temperatures was +4,1° in contrast to

- December of the preceding year ( -1, 50) Warm'weather

.continued in January (deviation from long-term average,+6 9°)

and the first six.days of February{‘after which steady freezing‘
weather held until the end of February; Negative deviations
from normal temperatures were recorded in the second and |
third ten-day periods of March. as a result of which a winter
regime held sway -on the river until the end of - the month, Dams

on the river were dismantled in the second half of November~

dismantling of the Beseda Dam was delayed until December 16,

Warm weather and. heavy precipitation in November ‘and December

gave rise to increased water flows over almost the whole winter

(Table 28)

Table 27 sy
Basic indices of water quality at Kolomna._
Winter, 19 7

Indices I '»‘ ! : = MOhthS"

- Q‘- o o S EE S T 1L 111
Water temperature oc. 0;2_. 0.1 0.1
Dissolved O mg/l-' S LRe20 . 0.7 0.5

% saturatio% with 0, o118, 14, 3.5
'Ammoniate nitrogen, mg/l b 9.7 8.7 8.7 .
Chlorides, mg/l | 51.0- 53.7 - .81,8-
Clarity, cm. : : - 20,7 19.5 o _l.6.0.“




" year (9. 0-9.1 m3/sec),

87

~Table 28 1

Averagenmonthly flows at the Pererva Dam : j;
TOL 6707 TOL7/438 - — |

‘Months mJ/sec m’/seec | 4 of long term . g
’ : S |~ average ﬁ
XII 18 - SR 4 - 200 |
II 18 - ‘ 84’ - =20 |
III (first and 18 6 - 91 _‘ ).
second ten-day ’ - :
periode) , | . | _ | §
In the winter of 19&?/48 river floweiexoeeded the long- i

term averame almost twofold., - The quantity of effluent entering

the river remained practically at the 1eve1 of the preceding ‘

The increased flows caused an increase in the.velocity_"
of the current " The time for the displaoement of a mass of water
~from one point of observation to another was (hr,):

Beseda-

AndreeVSkoe-I Soft1ino- -Bronnitsy-l Beseda-

Years|Andreevskoe |Sof'ino Bronnitsy | Kolomna Kolomns.
1947 ) 21 59 57 126 263
1948 10.5 27.5 28 | 7 128

The obeertations of the winter of 194?/48 were carried
. out according to the program of the preceding year, but with the
addition of points at Andreevskoe and Sof ino,

Daily obqerVations began February 20, -and finished
March_zo. During the period of observations, the river remsined
under winter’conditions; The increase in'the flow:of water.in‘
the first and second ten-day periods of ﬁarch from 32,7 to 4?;4,"
and b9.?im3/sec in February was_oaused by the.addition"of uater
from the Istra ° . Reservoir (19 m3/seo); During the whole

‘winter, the river at Beseds was'freerof lce; at_AndreeVskoe,.ice
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on the rivervwés:10-15 cm_thick until'March>5.f_ﬁhen thé
weather gfewkwarmef'and flbw‘indreésed, the river was frgéd E
from 1ce which.happgns,veryArarely here in winter.. In the
seétion between Kolomna and Bronnitsy, thé tce was éohstanti

and solild, 40-60 -cm 1n-th16kness,~and only'in.rapidS‘ﬁere there

ice-free spots. . _ ‘

| Comparing the results of the_1948_aﬁa1yséé (Tablé 29) 189.ﬁi
with the ﬁreceding dry year.(Tableléj). we’sée that,(iﬁ 1948,_
there was a decréase‘in chloride content at‘tﬁe Initial point
.of observation;‘although not in proportion to the diiution.
Such‘a décrease in chlbridés had Been~also noted by
V.V, deaﬁovA(1925) in his investigations of the Volga. .

| In 1948,.£hé'content of dissolvéd éxygen was greatér;

émmoniate nitrogen and the BOD did not decrease. Thé latter ‘
circumsfance~is particularlj marked when calcﬁlatiéns of
absolute daily flows‘of‘ﬁatter in the river are made
(Table 29). | o

' The more rapid oxidatioh~6f:organic»matter in the
whrater of 1947/48 is élearly shown»ﬁy thé data of Table 27.
An acceleraﬁion 5f_the oxidation of organic'métter, compared
to the previous winter is plainiy visible wheﬁ Caléulations
of daily flows of organic maﬁter are made on'fhe basis.ofA

BOD5 (ﬁig. 8).
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Table 29

. Pollution indices according to. average seasonal
data, Winter, 1948,

Indices. . o - ~ Content

mg/1l - , T/day

Beseda, flow 51,7 m3/sec

Ammoniate nitrogen . . . 8.56 - 38.2
: Chlorides . . . . . [} ] 5300 237 O
Dissolved oxygen . . . . 4,95 ‘ . 22,1
BODE v o o o o o o o o o 23.9 : 106.8
Suspended matter . e e 39.4 176.0
. Andreevskoe, flow 52 m3/sec |
Ammohiate nitrogen . . . 7.57 - 34,0
Chlorides .+ « + & o o o 53.3 ' 2ko.0
Dissolved oxygen . . . . "3.56 "15.9
BOD * » . . . . . . . . 1900 . 8“"9
Suspended matter , . . . b7, b 212.9- -
. Bronnitsy, flow 58 m3/ sec ‘
Ammoniate.nitrogen . . - 8,34 ' b1,7
Chlorides . . . « « .+ & b1,1 ‘ 206,0 - .
Dissolved oxygen . . . . 2,26 11.3 !
BOD . ¢« 0 e e .70 75 38 8 ' ' g
Suséended matter oo 13.0. i 65.1
Kolomna, flow 68.1 m3/ sec
- Ammoniate nitrogen . . . 9.7 57,0
CthI‘idG’S . 3 . . * . . 38,0 223’6
Dissolved oxygen. . . . . - 1.89 ‘ - 11.2
BOD5 v & o 4 & o s s oo 7042 k3.6
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The data-on flows enable us conditionally to calculate

the amount of oxygen (in g,) received from the'gtmbsphereA

~

for this section of the river and for each square meter of
the surface of the water (A, the aeration coefficient).
B. A. Skopintsev (1933) carried out cgléulatidns

according to the_formula

A% Q (D] - Do) , o ‘ . o A',- | (1).
: F

Wﬁere Q 1s.thé aebit df'the river (m3/day};_D1,-D2 are the
total biochemical‘consumptioh of ox&genvih the river at
points 1 and 2 (g;/m3); F is the surface area of the rivef(
(mz); | » | | _ | | A
According to M.M. Popova and T.S. Yagibina (193&5,>An>
thé4oalcu1ation is cérfied oﬁt accofding.to4the;formu1a |

A =q [(a] - ap) + 1,71 (ny -np) -t]

S (2)

Y

where @ 18 the daily flow of water (m3); ny, n, represent

the cdntent of amﬁéniate nitrogen{at,pbints 1 and 2.(gu/m3);,
a1 a, are the BOD at points 1 and 2 (gf/mB); b is the,differ;
ence between-oxygen oontent at poinfs 1l and 25 F 1is ﬁhé suffaéé
area of the water (m?) . | } | . o

This formula can be appliéed when introducing a correction

for the nitrification process when determining BOD. The‘EWO‘

above formulae assume equal flows of water at the points of

observation, For pdihts that are far apart, one should use the
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following formula:

A = (Qa -Q1a1) - (Q0 - §101>' SRR
- 3

where Q and'Qi are the flows (m3/day)'at.the‘upperfand lower

points; a and.al.are the BOD5‘(g;./m3) at the ﬁpper:and lower

points; 0 and 61 represent oxygén (5./m3).. | ‘
Calcplations perfdrmed-according tofthe;lattér formula

yielded the following results (Table 30).

Table 30

. Aeration coefficients, Winter, 1948 | ‘ |
Point of . Dally flow, T Surface - Aeratlon,
observation BODg _ 0, . _ area - g/m2 :
Beseda -] 106,8 2241 2.0 . 7.9
Andreevskoe _ Bg.g 15.9 8.0 5.2
Bronnitsy _ 30. 11.3 O aa g
Kolomna - 43,6 - 11.2 11.4 0.0.

In the calculationS'citéd. we take a five-day oxygén
demand instead of the total BOD. 'No COrrecﬁion was made, in
addition, for the value of_the.BOD:in the river at temperatures
close to zefo. Such correctlions have various éigns; the coeff-
iclent for the transition froﬁ-BOD5 to total BOD ususlly is
taken to be equal to 1,45 (wheh K1 is equal to 0.1 ). Tb‘take
the influence of temperature into accounﬁ, the coefficient
0.6 is used, so that the total magnitude of the cofrectibn may
be considered to lie within the limits of the error in the

determinatién of atmospheric aeration. -

R R R Tt rs L e ey
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The data obtained showed the high value of the aeration

coefficlent in 1948 for the Beseda-Bronnitsy section,- On the

section of the rlver, there was hg'oonstant and continuous °

ice cover, but it froze partially and temporarily. Winter ice -

cover was observed several_times...lﬁ'the Bfonnitsy-xolbmna "

sédtidn,:air did not entef'the watef.iﬁ‘elther year Of obsera

vation, '._ | ) | | A |
The data obtained make 1t ppséible to performfg caloul-

‘ation of the aeration constant ky, according to the formula

o ky = xgp o+ (02 201) 0 »
7.3 Doug® : L)

where x¢. 1s the consumption of oxygen in time t (mg/l); 02, 09"

are the contents of oxygen at points 2 and 1 (mg/l); Dyyg 1S

the average oxygen deficit in the section Qf fhe river between
points 1 and 2 (mg/1); t is the time in days.
| A calculation of the magnitude of k, for the first

three months of 1948, using average data, yield the following

values ‘ ‘ -

' Section ' S Ko
Beseda-Andreevskoe , + » ¢« » s o 0,30
Andreevskoe-Sof'ino ., i . . . o 0,26
Sof'ino~Bronmnitsy . « « « o« « o 0,40
Bronnitsy-Kolomma . . . « « + « 0,00

High values were obtained for a1l the sections situated above

Bronnitsy. Thé average value of the constant is also high for

“the Sof'ino-Bronnitsy section, withatts Variabié lce cover,

R
ol
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The*data-indicéte thaf’tﬁé prqceés of-gxidation of; 191

organic matter goes on at a éﬁbsténtial fate in winter in

the upper part of thé river. The éonstant of the raté of

oxygen consumption k1 1s calculated according to the formula

ki =1g %Z

t

| | (5
where Lo and L] represent.the BOD5 éﬁ the'lower and higher
poinfs: t is the displacement‘time for a body from.point 1l to
point 2, Calculating ky on the basis of data from the observ-
ations, we obtaln for the Beseda-Bronnitsy section the value
0.2, and for the same section in 1947, 0,06,

Determinatlons of BOD for 3 and 6 days make 1t possible
to calculate the constant of the. rate of oxygen consumption

by means of the formula usually applied in this kind of calcul-
ation (Bazyakina, 1933). A

| ' The magnitude of ki, according to data from laboratory.

*eiperiments at Beseda and Andreevskoe, averaged from lS_pairs
of deferminatlons, was 0,13 (with flu¢tuat1Qns from 0.05 to
OJZM);'consequently, it wés.rather close to the'value«usuallyl
used (0.1). Churchill and Buckingham (1956) have indicated
substantial fluctuations in this constant, obtained in. studles
of the hlghly-pdlluted.Potomac River.

For the transition from the experimental>temperature

© (18-20°) to river temperatures of 1-139°, 1t=ls neéessar? to

intraduce a correction of 0O, ﬁ thus, there is a differenoe in

\oxidatlon rafeﬁ in the river and in a flask,.
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For“a'mbfé complete calculation of'the oxygen:regime:
and the aeration of a water basin, it is necessary to - take~
into account the precipatation of a portion of the easily-
oxidizable compounds w1th suspended matter to ‘the bottom and
the transfer into the water of deoxidi7ed comnounds formed
by reduction Drocesses on the bottom of the basin,

ObserVPtions made for two winters that were very diff-
'~eront in hvdrnlogical and- meteorological conditions gave a.
_picture.showing certain similar features. 1In the first stage
of conversion of organic matter in a highly polluted river,

a rapid drop in BOD5 takes place.' The 1947 and 1948 values
of BOD5-~25.1 mg/l and 26.6.mg/l;-which were very'high for
the river, decreased towards Bronﬁitsy to'll,5.ahd 8.8 mg/1
'respectively. ~Judging; by the rste of displaceﬁent of a‘water
Vmass, this occurred in the first year in five days,.and.in
the next year in.two deys.. In.the winter of 1949;vwhen wster
content and meteorological conditions werelnesrly the same as
tﬁe year before, just as rapid’a‘drop'in BODq was recorded v
towards Rronni tsy of from 20, b to 6, 9 mg/l in a period of the
order of two. days. »

The second featﬁre pecullar to the‘winter is a rather
high, almost stable amount of organic;mstter in the Broncitsy-
Kolomna-section.' Average values of l30D5 were.(mg/l):

1947 1948 1949 196k

Bronnitsy 11.5 7.7 62 11,5

Kolomna | ©12.1 7.4 6.3 7.6

R
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In none .of the years of:observation_did_the BOD5.at
Kolomno drop below 6, 3'mg/1' l.e, 3-4 times more thah the
value characteristic of the river in 1ts unpolluted part
Moreover, in the years just after the war. there was practically
no drop in B0D5'reoorded over avseotion 80 km 1ong. ‘Water passed
over this route in from 3;6 days, depending on the;dryness of the
year. A marked drop in BOD5 was recorded 'in 1964, ﬁheh the con-
ditions of effluent discharge were altered and the oxygen regime
'1mproved somewhatf In the winter of 1964 oxygen content 1n the
water between Bronnltsy and Kolomna was within the limits 1.7-3.11'
mg/1, whereasdearliersit had been less than 1 ﬁg/inin the same
sectlon, ' o

The rapid drop 1n,BODﬂih the upper sectlon of the river
~and - the extremely retarded‘orleven completely halted decay.of
organic matter ‘in the lower course of the river 15 related,firsﬁ
of all to the dissolved.ox&gen oonteht..'Data on fhe'highrralue
of the'coefficient and constant of aerationvin the sectlon of
river.which was free of lce or had disturbed ice cover have been
presented above. eHowever} the.ﬁresenoe of oxygen, whioh'islaw
necessary condition for the oxldation of organic matter does not
explaindthe causes of the rapld development of oxidation processes,
whlch exceed uSual rates of prooesses of_Oxidation of organio_
matter in rivers in winter.,

One factor in the reduced BOD may be precipitation of

suspended matter on the bottom, which occurs intensively in the .

"Beseda-~-Bronnitsy section.oiln calculating the dally discharge of
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‘suspended matter on the basis of average values, the following

data haVeAbegn obtalned (T):'

1947 o 1948
.Beseda . ; e e e e . . 1184 _ o | 176.0
Bronnltsy . o . 4 & 4 4 55.7. . 65.1

KOlOmna p.-_a o 2 e e e e ' 8800  ) .‘U57oo'

'The:mbst intensive.precipitaﬁion.of éuspendéd.matter 
occurs in the sectlon above Bronnitsy; fﬁrthéf on, the~§rocess>
slows down greatly. In 1947, at Kblomna,'the.content iﬁ thé wéter
even increase@. | -_ | | |

In 1947, 62.7 T were precipitated per day in the
Béseda-Brdﬁnitsy section; in 19b8, 110.8 T and, in 1949, 85.7 T.
The decrease in BODs and.dissoived oxygen,péf day'were as follows
(Tj:

S1947 1948 1949

BOD . L] L] L] . [ ] L] L] :' 2102 : . . 68.0 - - L”?.O
Disgolved oxygen . . + 9.5 © 10,8 3.2

Assuming that the decreaée_in organig matter occurred
due to the oxldation by oxygen which entered from the atmosphere -
in the Beseda-Bronnitsy section, we obtain thé following wvalues -

(T):

1947‘-11|7 . 1948——5702. '1949--43.8

Attributing these values to ahlo Ym?

surface area of the river,
We‘prdvisionally’calculate the amount of oxygen entering from
the atmosphere per ﬁnit area, The aeration-coeffieieﬁﬁs were
1.2, 5.7, b, o/m? in 1947, 1948 and 1949 respectively, The low

‘aeration value in 1947 is ‘due to the significantly more severe
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.winter compared with tne~mild winters of 1949 and especially
o8, | -

The drop in BOD in’ the BesedafBrohnitsy:section, as 

indicated above, may occur in part due to precipitation of

‘suspended matter which has been observed on a large scale in

that section of the river., According to the data of Balmat
(1957), 15.2% of the total oxygen consumption in run-off wat-

ers is attﬂbutable to the . precipitating fraction of suspended

matter (greater than 1OO microns in size) In the Thames est;

.uary, oxygen consumption by{suspended matter fluctuated great-

iy( being on the average about 3% of dry'weight (Effects;,. ;

iééh)., According to determinations made'in the waters of the

Moskva River, 19% of the total oxygen-consumption was attrib-
‘utable to the.precipitating fraction (Drachev, .1962), In ord-
er to explain the role of the'precipitating.fracticns'of SUS=
pended matter and the entry of &ecxidized products from the
bottom in the ongen.baiance, it ie neceseary for specilal
investigations to be carred out.

" Data from investigations carried out for a numbea of
years indicate that a considerable amount of oxygen enters
in mild winters through the ice-free surface below the pointeA
of discharge of effluents into the river. In severe Winters,.
the magnitude of atmospheric aeration dfops.sharply. For such
yeafs it is advisable tc calculate the oxygen balance of thew
river and the necessary degree of purification of effluents,

N

disregarding the entry of oxygen from the air,-

193




By using the results of observations that have been
oarried‘out ’and.taking'into aooount thé fact that the»wintér"
' period is eritical in the 1life of river basins, one may estab-g
lish the degree of dilution and purification of the effluents.
from the city of Moscow neoessary ‘to- restore sanitary condl-

tions to the Moskva River (Boldyrev, 1948),

In the following caloulation, we have assumed that
within the boundaries of the cilty, the Moskva River and 1its.
:tributaries do not . recelive either:industrial or domestic -fecal

effluents, and consequently that the contantfof dis301ved.ogy-

'genvabove'that'inflow of effluents. is equal to 8 mg/l. (Table«
1), o | | | -

~On the basis of the disoharge of effluents (30 m3/sec)

and oomplete purifioation (up to 10 mg BOD5), let us determine

.the pinimum dilution for effluent flulds in.a volume of water

by means of. the formula

.85y w b, ’ (6)
- Op - 0_}551(2 - 4( L -

9
a
- where Q. and q° are thoidisohargea'of river,and effluents
(in mj/seo)§ :Xl is-tho EODS.rof the'purified effluents (in‘.
g/mj); xz_.is the BQD5 of puré rivér“Water in g/m3 (2 3/93); -
05 ié the dissolvéd-oxygen oontent (in~g/m3) in the_river above.
the city in February and March ' | .
Substitution of the appropriate figures yilelds the

magnitude of the necessary dilution (3.2). Thus, in order to
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support the neoessary minimum of oxygen under conditione of
complete purifioation it is necessary for the disoharge of
water in the river to be greater than effluent run—off by
66‘m3/seo in the winter 1ow-watem period; |

Let us now caknlate the maximum oxygen consumption
by city effluentq which oan be released into the river at -

existing_rlver_disoharges,.by means of_the formula

‘Xl = 1.8 .'.. (02 _.0.55xé - L’,) - 7.3 ’ o N (7)

o

where the notation is the same as in (6) ‘ ‘

Substituting numerical valuee_with'Q equal %to. 60 m3/seo.
we obtaln the"requirement.thet the purification level be as
~ great ae.tne magnitude"of BOD5 (3.1 mg/l). This value $o far.
lies beyond the realm of practical feasibility in purification,
Therefore, given present-day flow, thé Moskva River will remain
A‘defieient:in exygenueven after complete purification of all
effluente. | .

Various ways of eliminating the oxygen defioit ‘in the
river are concelvable, One of these methode was. oonsidered in
detaii in the_years of the oonstruction of the Moskva Canal -
(1932-1935) and was realizea in practice. The essence of_tnis
method consists in dilution ef>the‘river‘by pure water saturae
ted with bicyp;en. | | .-

The method of oalculating‘the amountvof water needed
to eliminate the oxygen deflcit has been described above.

. These amounts are just within the bounds of possitlity for -
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water supplied from the Moskva Canal, Economic considerations,.
which forced abandonment of this method for restoring favour-
able sanitary conditions to the river . in the war years and
which have retained their force up to the present day. compelp
us to seek other technical solutions. Such solutions may be-
further reduction in the abundance of organic matter in puri-
fled effluent waters; the supply of oxygen to the river by
adding alr from the.atmosphere, and ‘the use of effluents,
after purification, to supply the needs of industry and_agri-,
culture, | | "

There 15 no doubt of the technlcal feasiblility of
the first method, as.eguipment_exists which preduces more
purified water than the amounts used in our calculations.
Consequently, it is the economic possibilities that constitute
the deciding factor. Artificial enrichment of rivers with
oxygen.has a practical means of implementation. In the United
'States, alr is added by'means of pumps (Kaplovsk&, 1964) and
via turbines in hydroelectric stations (Scott, 1958),

In investigations of the Moskva River, data have been
obtained on oxygen saturation of the water-whén it passes over
a dam, Tt has beeniestablished that when the deficlt of dis-
solved oxvgen is 60 70%, the river's supply is augmented by
.5 15 T/day as 1t passes over a dam.

During winter, when oxygen solubility increases in the
cold water, the importance of this method increases.‘ Leaving

~dams ‘on the river In operation until the end of the Winter
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under present condlitlons can substantially reduee the oxygen
deficit in the river if not eiiminate 1t entirely.

" The uost radical means . of iuproving_the oxygen‘regu-
ime of a river and completely restering~faveurab1e sauitsry |
conditiens in a river basin isfby reducing the discharge of
effluents by utilizing them in industry and'agriculture. In

England and the Unted States, effluents find application in-

the metaliurgical and petroleum-industries. AI the same time,
the enterprise pays for the effluents consumed (Pewell,’1956).
In spilte of the'shortage of waterdJrMoscou and the Moscow area,
this method of utiiiéing effluents.has'not beeh taken advant--
‘age of, | | | | | |

" The question of‘using effluents from Moscow'to irri-
gate flelds southe&m of the city has ‘been discussed more than
once (Lorkh, 1957 and others). The main . obstacle to wide use
of'purified effluents is the necessity for major investment of
capital (Gorin. 1957) . . From the peint of view of preserving
rivers from nollution, year-reund irrigatiou using effluehts,
'for which favourable technical: prerequisites exlist (Kanardov

and Novikov, 1957) is of the utmost impmrtance.

. Conclusions

iQ The Moskva River, ih its'upper reaches, has retain-
ed .all of the charaoteristics of a natural river basin, on the

basis of 1ts ‘oxygen regime, content of mﬁmiaﬂ;elammts,andnonic

composition.
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'in_itsilowef-eourse, substaptial'chenges‘inethe“eom-
position-end properties of the water~ofethe'r1ﬁer have taken
_ blaee due to the infiuence:of industrial and domestic sewage.
A relativeiy. amall increase in the tofal amount of dissdlved
salts occurs due to univalent oatiens--eedium, petessium and
emmohia--and anions of strong abids-;the'Sulphgte and ohquihe.
lons, The total‘nitrogeniand phosphorﬁsicontente have increes-
ed by approximately one order of magnitude, which eorreepoﬁds

. to the addition to the river ef 6-10 g of nitfogen and 0.7 g

‘of phosphorus for each inhabitant of the city. . The‘inflow into

the river of sodium, potaesium, chlorine and sﬁlphate ions pro-
ceeds ma&nly due. to industrial effluents. Domestic sewage
yields no more than 10-15% of the chlorine; abeut the.same per;
centage of sodium and 20% of theepota351um.5 | ‘ |

| 2. -Self—purification_processes differ markedly in

the lower couree of the river, both in suﬁmer_and in ﬁinter.

In summer,.when there 1s”énvabundaﬁce;of numﬁent_»elementé and -

retarded flow, reduction in the bioehemiCal oxygen demand 1s

small and at a certain distance»fromethe point of maximum pol~ .

1utioh, processes of eecumuletion oflofganic matter begin to
predominate over deeomposition'processeq. Tﬁe amoﬁnt‘ofAmat-
ter formed due to photoﬂynthesis is approximately equal to_ |
that introduced wlth city effluents,

In winter, a very sharp decrease~1n'the.biochemica1

oxvgen -demand 1is recorded in the unfrozen section of the river,

195
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In the open part‘of_‘ the r-iv_er, the aerat\ion'cc-)nsf.a'ﬁt varied
between 0,26 and 0.40; 1n.mild winters the aeration coeffi.
clent has reached 7.9 g/m , and 1s considerably less in more
severe winters., In the lower ice-covered section of the river,
under anaerdbio‘conditions that have been created, stabiliza-
tibn_of organic matter.and even a cértain increase in the
abundance of easily oxidizablé_éompounds occur,
3. For the past 20 years,~the-quality of river water
below the sources of effluent has not déteriofated, despite
a moré than ﬁwb-fold increase 1n-the &olume of 1liquid effluents
entéring the‘rivér; In winter, thé biochemlical oxygeh démand
at the'present time 1is considerably lower and a certain improve-
ment in.dxygen regime has ﬁeen recorded. Aslde from lmprove-
.menté in the.guality of purification, lncreases 1h the amount
of water-supplied“ffom the.Moskva Cansl have had a positive
effect. | ' o
| Retention of the fall of water over‘dams in winter is

an effective and economical way to improve the oxygen regime

of the river,

TR e e
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