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Ab stract—Spatiotemporal dy nam ics of con cen tra tions of dis solved forms of cop per and zinc in the wa -
ter of the lower Don River was stud ied and com pared with changes in min er al iza tion, tem per a ture, and
con cen tra tions of ma jor ions, sus pended mat ter, O2, NO2

- , NO3
- , NH4

+ , PO4
3- , pH, BOD5, and COD. For

all pe ri ods, there is a steady ex cess of the max i mum per mis si ble con cen tra tion stan dards for dis solved
cop per, while the con cen tra tions of zinc are mostly within the nor mal range. Max i mum con cen tra tions
of cop per and zinc are re corded on the river reach ad ja cent to the big in dus trial city of Rostov-on-Don.
Min i mum con cen tra tions of cop per and zinc are reg is tered in the spring-summer pe riod, max i mum ones 
were re corded af ter the spring-summer and sum mer-autumn phytoplankton out bursts. The for ma tion of
the lev els of both met als in the Don River wa ter is sig nif i cantly in flu enced by anthropogenic fac tors and 
pro cesses, while the pat tern of their intraannual dy nam ics is mainly due to nat u ral fac tors.
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IN TRO DUC TION

The Don River is one of the larg est rivers in the Eu ro pean part of Rus sia, which be longs (in terms of wa -
ter re gime) to the East Eu ro pean type with strongly pro nounced spring floods, rel a tively sta ble win ter and
sum mer low wa ter, and in sig nif i cant wa ter level rise in au tumn [18]. In ad di tion to sea sonal changes in wa -
ter con tent, the wa ter level re gime in the lower Don River (Lower Don) is highly af fected by wind-induced
wa ter level fluc tu a tions and wa ter re leases from the Tsimlyansk Res er voir [3]. 

Pri or ity pol lut ants in the Don River ba sin also in clude such heavy met als as cop per (Cu) and zinc (Zn)
[9, 11, 14, 15, 20, 25], whose ef fect on the vi tal ac tiv ity of or gan isms, in clud ing hu mans, is am big u ous. On
the one hand, they are needed for a nor mal course of phys i o log i cal pro cesses: cop per is in volved to the pro -
cesses of pho to syn the sis, syn the sis of pro teins, fats, and vi ta mins, while zinc is as so ci ated with the ac tiv ity
of some fer ments and hor mones, with the syn the sis of RNA and DNA ([9, 10, 23] etc.). On the other hand,
in case of their high con cen tra tions, they are toxic for most liv ing or gan isms [7, 10] and are con sid ered as
the most dan ger ous pol lut ing com po nents of the aquatic en vi ron ment, since they are al most not sub jected
to detoxication due to some phys i cal and chem i cal prop er ties [5]. 

Cop per and zinc are trans ported to the Don River from both nat u ral and in dus trial sources. The nat u ral
sources are the pro cesses of chem i cal and mi cro bi o log i cal leach ing of min er als of rocks and soils com pos -
ing the catch ment sur face, pre cip i ta tion, as well as the de po si tion of dust and aero sol in volved to the air
trans port from the at mo sphere ([1, 10, 11] etc.). Anthropogenic pol lu tion of the Lower Don wa ter with cop -
per and zinc is caused by the trans port of their com pounds with in dus trial, do mes tic, and mu nic i pal
wastewater, dif fuse wash out of min eral fer til iz ers and chem i cal plant pro tec tion prod ucts from ag ri cul tural
lands lo cated in the catch ments of the Don ba sin rivers [11]. 

Copper and zinc compounds may exist in the aquatic environment in three main forms: suspended,
colloidal, and dissolved ones. The ratio between them is largely determined by the value of pH and by the
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chemical composition of water (for example, [7, 10, 15]). The dissolved forms of copper and zinc are the
most dangerous for aquatic organisms. They are most capable to penetrate through the cell membrane and
to be accumulated in tissues and internal organs of living organisms, causing toxic effects [7, 23]. The maxi-
mum permissible concentration (MPC) of copper and zinc in fishery water bodies [13] is 1 and 10 mg/dm3,
respectively. 

The stud ies of the spatiotemporal dis tri bu tion of cop per and zinc con cen tra tions in the wa ter of the
Lower Don, which is of great eco nomic im por tance for the larg est Rostov-on-Don ag glom er a tion in south -
ern Rus sia, are of cru cial im por tance. How ever, there are few pa pers deal ing with this prob lem, and they
are ep i sodic, as a rule [6, 8, 9, 12, 14, 16, 20]. 

Orig i nal ity and sci en tific nov elty of the pres ent study is that along with study ing spatiotemporal dy nam -
ics of con cen tra tions of dis solved cop per and zinc in the Lower Don wa ter, the tem po rally and spa tially
con ju gated changes in min er al iza tion, tem per a ture, and con cen tra tions of ma jor ions, sus pended mat ter, O2, 
NO

2

- , NO3
- , NH4

+ , PO4
3- , pH, BOD5, and COD are in ves ti gated for com par i son. 

DATA AND METHODS

Pe ri odic ob ser va tions (July, Au gust, Sep tem ber, and Oc to ber in 2002, May and July in 2003) of con cen -
tra tions of cop per and zinc dis solved in the sur face wa ter layer were car ried out dur ing six com plex ex pe di -
tions in the Lower Don at ten sta tions that are rel a tively evenly dis trib uted along the lon gi tu di nal pro file of
the river on the “up stream of Aksai–down stream of Azov” reach (Fig. 1). Syn chro nously with cop per and
zinc con cen tra tions in the wa ter, the fol low ing were de ter mined: tem per a ture, min er al iza tion, and con cen -
tra tions of ma jor ions (Ca2+, Mg2+, Na+ + K+, HCO

3

- , SO
4

2- , Cl–), min eral com pounds of ni tro gen and phos -

pho rus (NO
2

- , NO
3

- , NH
4

+ , PO
4

3- ), ox y gen, sus pended mat ter, the val ues of pH, BOD5, and COD. Thus, over 

the whole ob ser va tion pe riod, the con cen tra tions of the an a lyzed heavy met als and other hydrochemical pa -
ram e ters were de ter mined in 60 sam ples taken from the Lower Don sur face wa ter layer.

The wa ter sam ples were taken with GR-18 Molchanov bathometer from a small ves sel along the fair way 
(ex cept for sta tions 5 and 6 lo cated 0.5 km down stream of the Vodokanal spill way area (Rostov-on-Don),
where the sam ples were taken near the left and right banks, re spec tively). The sam pling, trans por ta tion,
stor age of sam ples, and sub se quent de ter mi na tion of the listed pa ram e ters in them were car ried out us ing
stan dard meth ods gen er ally ac cepted in the Roshydromet sys tem [17, 19]. The val ues of pH were mea sured
with Ekotest 2000 por ta ble ionomer im me di ately af ter the sam ples had been lifted on board the ves sel. 
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Fig. 1. The schematic map of observation station location in the Lower Don: (1) the Don River upstream of the Aksai stream
confluence, the middle; (2) the Don River, water intake area of Rostov-on-Don, the middle; (3) the Don River, 0.5 km
downstream of the Temernik River influx, the middle; (4–6) the Don River, 0.5 km downstream of the Vodokanal spillway
area, (4) the middle, (5) left bank, and (6) right bank; (7) the Don River, 0.5 km downstream of Koluzaevo village, the
middle; (8) the Bol’shaya Kalancha arm, Dugino settlement, the middle; (9) the Don River, upstream of the city of Azov,
water intake area, the middle; (10) the Don River, downstream of Azov, spillway, the middle.



The fil ter ing of wa ter sam ples through pre lim i nar ily pu ri fied and weighted MFAS-VA Vladipor mem -
brane fil ters with a pore size of 0.45 mm was per formed us ing a por ta ble fil ter ing unit im me di ately af ter the
sam pling. Af ter that in ac cor dance to the tech nique [17], fil trate was con served by ni tro gen acid to pH £ 2
to ex clude the sorp tion of dis solved cop per and zinc on the walls of con tain ers in which the wa ter sam ple is
placed. The prep a ra tion of the sam ples for mea sure ments and the quan ti ta tive de ter mi na tion of met als in
them were car ried out at Hydrochemical In sti tute (Roshydromet) by the atomic ab sorp tion anal y sis with a
di rect electrothermal at om iza tion of the sam ples with a KVANT-Z.ETA in stru ment ac cord ing to the tech -
nique [17]. The er ror in de ter min ing the con cen tra tion of met als in wa ter sam ples does not ex ceed 10–15%.

RE SULTS AND DIS CUS SION

The summarization of the dataset that includes all six periods of field studies (from July 2002 to July
2003) shows that the Don River water temperature varied from 15.8–16.0°C in October 2002 to 24.3– 25.8°C
in July 2002 and July 2003. During the other periods, temperature had intermediate values: 17.3– 23.5°C
(Fig. 2a). No considerable changes were recorded in water temperature along the analyzed profile of the
Don River.

The min er al iza tion of the Don wa ter var ied within 622.8–987.0 mg/dm3 (an av er age is 795.2 mg/dm3).
The high est val ues (825.6–987.0 mg/dm3, an av er age is 920.4 mg/dm3) were typ i cal of Oc to ber 2002, the 
lowest ones (622.8–670.3 mg/dm3, an av er age is 650.7 mg/dm3) were typ i cal of May 2003. There was a
cer tain in crease in wa ter min er al iza tion to ward the Don mouth (Fig. 2b). The mod ern class, type, and group 
of the Lower Don wa ter can be de scribed by the for mula by O.A. Alekin S

II

Na, Ca (sul fate class, type 2, so dium 

and cal cium group). 
The val ues of pH for the Don wa ter var ied in the weakly al ka line range of 7.9–8.6, an av er age was 8.2.

The max i mum pH (8.3–8.6) was ob served in Au gust 2002 dur ing the in ten sive bloom ing of blue-green al -
gae, the min ima were re corded in July 2003 (7.9–8.3). Dur ing the other pe ri ods, pH did not go be yond
8.1–8.4. For all ob ser va tion pe ri ods, there was an in creas ing trend in pH to wards the Don delta (Fig. 2c). 

The con cen tra tion of sus pended mat ter in the Don wa ter dur ing the pe riod of sea sonal ob ser va tions
var ied within 5.3–66.5 mg/dm3 (an av er age is 27.5 mg/dm3). The high est con cen tra tion of sus pended mat -
ter (45.0–66.5 mg/dm3, an av er age is 54.4 mg/dm3) was reg is tered at the be gin ning of Sep tem ber 2002,
when the in tense bloom ing of blue-green al gae was vi su ally ob served. The min i mum con cen tra tion (5.3–
30 mg/dm3, an av er age is 11.3 mg/dm3) was re corded in Oc to ber 2002, which is prob a bly as so ci ated with a
dramatic de crease in the veg e ta tion ac tiv ity of phytoplankton due to a tem per a ture drop. For the other pe -
ri ods, the con cen tra tion of sus pended sub stances on av er age ranged from 19.7 to 30.3 mg/dm3. Most ob -
ser va tion periods were char ac ter ized by an in crease in the amount of sus pended mat ter in the Don delta
(Fig. 2e). 

The con cen tra tion of dis solved ox y gen in the wa ter var ied within 6.0–11.9 mg/dm3 (an av er age is
8.61 mg/dm3; Fig. 2g). In gen eral, ex cept for sin gle sam ples, its con cen tra tion was not be low 80–85% of
sat u ra tion, which in di cated a good aer a tion of the river wa ter dur ing the study pe ri ods.

The con cen tra tion of cop per in the wa ter of the an a lyzed reach var ied within 1–14 mg/dm3 (an av er age
is 3.5 mg/dm3; Fig. 2d) and ex ceeded the MPC al most ev ery where, which is con sis tent with pa pers [6, 8, 9,
12, 14, 20] and the opin ion ex pressed in [12] about the chronic pol lu tion of the Don River with this metal. 

The concentration of zinc in the Don water ranged within 1–10 mg/dm3 (an average is 5.6 mg/dm3;
Fig. 2f), which is below the MPC. In general, the revealed values correspond to the data on the concentra-
tion of dissolved zinc in the river water, which is available in scientific literature (for example, [6, 8, 9, 20]).

High con cen tra tions of both cop per (an av er age is 3.5–5.5 mg/dm3) and zinc (an av er age is 5.5–
6.8 mg/dm3) in the Don River were reg is tered within the reach ad ja cent to Rostov-on-Don (sta tions 3–6).
One of the main sources of river wa ter pol lu tion in this reach in ad di tion to in dus trial, do mes tic, and mu nic -
i pal wastewater of the Rostov-on-Don ag glom er a tion is the small plain Temernik River. A half ki lo me ter
down stream of its in flux (sta tion 3), the high est con cen tra tions of cop per (up to 9–14 mg/dm3, an av er age is
5.5 mg/dm3) and zinc (up to 10 mg/dm3, an av er age is 6.8 mg/dm3) were found for the whole an a lyzed reach
of the Don. Within the catch ment area of the Temernik River flow ing on the ter ri tory of Rostov-on-Don,
about 600000 peo ple live and more than 50 en ter prises are lo cated [2], in clud ing the larg est zoo in south ern
Rus sia. Taking in suf fi ciently treated and un treated wastewater from in dus trial en ter prises and mu nic i pal
sec tor, as well as pol lut ants to gether with storm run off and wash out from the catch ment area, the Temernik
River trans ports them to the Don River.
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A pos si ble sig nif i cant source of cop per and zinc in flow to the river wa ter is pre cip i ta tion and at mo -
spheric dust fall out. For ex am ple, ac cord ing to the sum ma rized data [16], con cen tra tions of cop per and zinc 
in solid fall outs over Rostov-on-Don ex ceeded those at back ground sites (Veshanskaya vil lage) on av er age
by 12.5 and 35.7 times.

At sta tions 7–10 lo cated down stream of Rostov-on-Don, av er age con cen tra tions of cop per and zinc
were 2.5–3.5 mg/dm3 and 4.8–5.7 mg/dm3, re spec tively. Min i mum con cen tra tions of both met als were ob -
served in the Bol’shaya Kalancha arm in the Don delta (sta tion 8). This arm is sub jected to the small est
anthropogenic load from the mu nic i pal sec tor, ag ri cul tural land scapes, and nav i ga tion as com pared to other 
ob ser va tion sta tions.

It should be noted that for the reach sit u ated up stream of the Aksai stream con flu ence (see Fig. 1, sta -
tion 1), in par tic u lar, up stream of the Rostov-on-Don ag glom er a tion, con cen tra tions of cop per in the Don

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 47   No. 3   2022 

SPATIOTEMPORAL DY NAM ICS OF COP PER AND ZINC CON CEN TRA TIONS 235

Fig. 2. The intraannual vari a tions in (a) tem per a ture, (b) min er al iza tion, (c) pH, and con cen tra tions of (d) dis solved Cu,
(e) suspended mat ter, (f) dis solved form of Zn, and (g) O2. The num bers of ob ser va tions sta tions are given along the x-axis
(the lo ca tion of sta tions 1–10 here and in Fig. 4 cor re sponds to the one pre sented in Fig. 1). The sam pling dates in 2002:
(1) July 24; (2) Au gust 20; (3) Sep tem ber 4; (4) Oc to ber 8; in 2003: (5) May 20; (6) July 14.



wa ter dur ing all ob ser va tion pe ri ods, ex cept for May 2003, has al ready ex ceeded the MPC for cop per by
2–5 times (on av er age by 3.3 times). Pos si ble sig nif i cant sources of the Don wa ter con tam i na tion with cop -
per on the reach from the Tsimlyansk Res er voir to the Aksai stream con flu ence, in ad di tion to mu nic i pal,
do mes tic, and in dus trial wastewater from the set tle ments rel a tively uni formly dis trib uted along the river
(the larg est ones are Bagaevskaya vil lage, the cit ies of Semikarakorsk and Konstantinovsk with to tal pop u -
la tion of ~70000), are the trib u tar ies Severskii Donets River (wa ter flow is ~6.31 km3/year) sub jected to
high anthropogenic pol lu tion and, to a lower ex tent, the Sal (~0.32 km3/year) and Manych (~0.15 km3/year) 
rivers, as well as the wash out of min eral fer til iz ers and pes ti cides, which con tain cop per (for ex am ple,
kuprosil, kuproksat, etc.) com ing from ag ri cul tural lands [12]. 

Apparently, the steady increase in the concentration of dissolved copper and zinc in the water to the val-
ues close or above the MPC is associated not only with anthropogenic pollution but also with the increased
transport of these elements due to the large-scale ploughing of soil in the Lower Don basin catchments in
the second half of the 20th century. Currently, about 85% of the Lower Don territory is occupied by agri-
cultural lands [1], and ~90% of the analyzed agrolandscapes are characterized by the concentrations of
copper and zinc in the upper soil layer, which noticeably exceed the clarks of these elements in soil: by 4.5
and 1.6 times, respectively, an average is 89 mg/kg (or 1.6 MPC in soil) for copper and 80 mg/kg (0.8 MPC)
for zinc. Concentrations of copper and zinc in soil of unplowed landscapes are slightly smaller than in
agrolandscapes: 85 and 68 mg/kg, respectively, but are still higher than the clarks of these elements in soil
[1]. It is noteworthy that dust storms typical of the Lower Don can essentially activate the inflow of metals
to the river water. For example, during three days in September 2020, strong northeastern wind was
observed in the Lower Don, which caused an intense dust storm and river water downsurge that exposed
bottom sediments, on the surface of which, according to the authors’ observations, up to 1.0–1.5 cm of
siltstone-lutaceous soil dust fell.

Within the an a lyzed Don reach, there is a high sig nif i cant cor re la tion be tween the con cen tra tion of dis -
solved copper and zinc (r = 0.87, P < 0.01) (Fig. 3), the trend to ward which was also ob served in the Sea
of Azov [9], where a rather high and sig nif i cant pos i tive cor re la tion be tween these com po nents was found
(r = 0.69, P < 0.01). The pres ence of this cor re la tion re quires fur ther in ves ti ga tion. It is pos si ble that this is
caused both by the unity of sources of the in flow of these heavy met als to water and by sim i lar dy nam ics of
their con cen tra tions un der con di tions of intraannual changes in the hy dro log i cal, hydrobiological, and
hydrochemical re gimes of wa ter bod ies.

At most sta tions, the intraannual vari a tions in con cen tra tions of cop per and zinc in the wa ter are syn -
chro nous (Figs. 4a and 4b), which in di cates the dom i nance of the im pact of nat u ral fac tors on their dy nam -
ics. The changes in the con cen tra tion of the met als in the wa ter are less syn chro nous at sta tion 6 lo cated
near the right bank of the river within the reach ad ja cent to Rostov-on-Don. This is prob a bly as so ci ated
with a cer tain dif fer ence in hy dro log i cal and hydrochemical con di tions along the river cross-section.

In gen eral, max i mum con cen tra tions of dis solved cop per and zinc were typ i cal of July and Oc to ber in
2002, the min ima were typ i cal of May and July in 2003. As the tem po ral dy nam ics at the sam pling sta tions
for the an a lyzed hydrochemical pa ram e ters is al most iden ti cal, for greater clar ity, the lines cor re spond ing
to the change in the val ues of the pa ram e ters at each sta tion dur ing dif fer ent study pe ri ods were com bined
into one line av er ag ing the val ues over all ob ser va tion sta tions for each pa ram e ter (Figs. 4c, 4d, 4e, and 4f).
For cal cu lat ing av er age val ues, data for eight sta tions were con sid ered, at which the sam ples were taken
along the fair way. Thus, sta tions 5 and 6 were re moved from the cal cu la tion: these are the left and right
banks of the river, where the changes in the val ues of the an a lyzed pa ram e ters are char ac ter ized by the low -
est syn chrony as com pared to the other eight sta tions.
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Fig. 3. The de pend ence be tween the con cen tra tions of Cu and Zn in the Don River wa ter along the “up stream of Aksai–
down stream of Azov” lon gi tu di nal pro file. The con straint equa tion: y = 0.7965x + 2.746, the co ef fi cient of de ter mi na tion
R2 = 0.7486.



The anal y sis of avail able data shows that max i mum con cen tra tions of cop per and zinc in 2002 were
caused by their in flow to the wa ter re sult ing from the min er al iza tion of or ganic mat ter af ter the
spring-summer and sum mer-autumn phytoplankton out bursts, which were typ i cal of the Sea of Azov ba sin
as a whole [4]. This is con firmed by the syn chro nous dy nam ics of con cen tra tions of the an a lyzed met als
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Fig. 4. The intraannual changes in the con cen tra tion of (a) cop per and (b) zinc at ob ser va tion sta tions 1–10 and (c–f) in the av -
er age val ues of the an a lyzed hydrochemical pa ram e ters in the Lower Don wa ter.



and min eral forms of ni tro gen and phos pho rus (NO
2

- , NO
3

- , NH
4

+ , and PO
4

3- ), the main source of whose in -

flow to the river wa ter, in ad di tion to the sur face flow from the catch ment ba sin, is the de com po si tion of or -
ganic mat ter. The co ef fi cients of cor re la tion of Cu and Zn con cen tra tions with NO

2

- , NO
3

- , NH
4

+ , and PO
4

3-

con cen tra tions are 0.83 and 0.60, 0.74 and 0.47, 0.45 and 0.21, and 0.71 and 0.56, re spec tively (P < 0.01). 

Due to the prewinter de crease in phytoplankton bio mass, which is typ i cal of the Don River [8], the con -
sump tion of the prod ucts of the au tumn min er al iza tion of or ganic sub stances that ar rived to the wa ter, in
par tic u lar, of ni tro gen and phos pho rus, cop per and zinc com pounds ac tively ac cu mu lated by liv ing mat ter
is con sid er ably re duced. This prob a bly causes a syn chro nous growth of con cen tra tions of dis solved heavy
met als and biogenic com po nents in the river wa ter. A de crease in the num ber of par ti cles sus pended in the
wa ter which can ad sorb sol u ble metal com pounds, was ob served dur ing the pe ri ods of max i mum cop per
and zinc con cen tra tions. It does not fa vor the tran si tion of cop per and zinc from the so lu tion to sus pended
mat ter and the de crease in their con cen tra tions.

Min i mum con cen tra tions of dis solved cop per and zinc in May 2003 are prob a bly caused by the di lu tion
with melt wa ter that came from the catch ment sur face, which is in di cated by the sig nif i cant de crease in the
min er al iza tion of river wa ter (on av er age to 650.7 mg/dm3). In ad di tion, high (at the mo ment) ox y gen con -
cen tra tions in the wa ter against a back ground of min i mum con cen tra tions of the an a lyzed met als may point
out bind ing into sus pended mat ter of cop per and zinc dis solved in the wa ter by ox ides and hy drox ides of
iron, man ga nese [7], iron phos phates [21] and the sub se quent sed i men ta tion in the sus pen sion into bot tom
sed i ments. In gen eral, there is a rather low but sig nif i cant cor re la tion be tween the dis solved form of the an -
a lyzed met als and the ox y gen con cen tra tion in the wa ter (the co ef fi cient of cor re la tion be tween Cu and O2

is –0.36, and the one be tween Zn and O2 is –0.27; P < 0.01). 

A pos si ble im por tant fac tor caus ing min i mum con cen tra tions of cop per and zinc in May and July in
2003 is the spring-summer phytoplankton out burst as so ci ated with an in crease in the river wa ter tem per a -
ture and the amount of biogenic sub stances that ar rived with the melt wa ter. The in creased phytoplankton
pop u la tion pro vides the tran si tion of dis solved cop per and zinc into liv ing mat ter of the sus pen sion and,
hence, a de crease in their con cen tra tions in wa ter. The lat ter is also fa vored by the sorp tion of dis solved
met als on the min eral and or ganic com po nents of the sus pen sion that came from the catch ment sur face with 
the melt wa ter and on the par ti cles of autochthonous or ganic de tri tus.

In 2002, min i mum con cen tra tions of cop per and zinc were re corded in Au gust–early Sep tem ber. On the
one hand, this may be as so ci ated with their as sim i la tion by blue-green al gae that ac tively veg e tates dur ing
that pe riod. On the other hand, the ab sorp tion of met als by liv ing mat ter may be over lapped by the ad sorp -
tion of dis solved coo per and zinc by iron and man ga nese hy drox ides and organomineral sus pen sion par ti -
cles, which also causes the de crease in their con cen tra tions.

The cop per and zinc com pounds ac cu mu lated by phytoplankton and macrophytes are re tained in them
dur ing the whole grow ing sea son un til their death and de cay [22], from the be gin ning of which the met als
ac cu mu lated by liv ing mat ter be gin to be re leased and pass into an aque ous so lu tion. As shown above, this
is ob served for the an a lyzed Don reach at the end of the spring-summer and sum mer-autumn phytoplankton 
out bursts (at the end of July and at the be gin ning of Oc to ber), when the syn chro nous growth of con cen tra -
tions of ni tro gen and phos pho rus com pounds and dis solved cop per and zinc com pounds is reg is tered. Ap -
par ently, dur ing the cold sea son, along with the trans port of cop per and zinc with the river flow to the
Taganrog Bay, which is typ i cal of all pe ri ods, some part of met als is sorbed on iron and man ga nese hy drox -
ides and ox ides, as well as on organomineral sus pen sion par ti cles and set tles to the bot tom. It is ac cu mu -
lated in the bot tom sed i ments of the Lower Don, mainly on the reaches with rel a tively calm hy dro dy namic
con di tions. If equi lib rium con di tions at the bot tom sed i ments–wa ter in ter face are dis turbed and es pe cially
if there is a sig nif i cant de crease in pH and a lack of dis solved ox y gen, an in crease in the mi gra tion mo bil ity
of met als and their tran si tion to an aque ous en vi ron ment are pos si ble [7]. The mi gra tion of cop per and zinc
com pounds from bot tom sed i ments to the aque ous so lu tion can also be in ten si fied by stir ring and the tran si -
tion of silty par ti cles of bot tom sed i ments to a sus pended state, which oc curs at a sig nif i cant in crease in
flow ve loc ity, usu ally dur ing high wa ter, as well as in case of wind-induced mix ing [24].

CON CLU SIONS

Dur ing all ob ser va tion pe ri ods, the con cen tra tion of dis solved cop per in the wa ter of the an a lyzed reach
of the Don River steadily ex ceeds the MPC, while the con cen tra tion of zinc, as a rule, does not ex ceed the
MPC. At the same time, there is a high sig nif i cant cor re la tion be tween the con cen tra tions of dis solved
forms of these met als (which is ev i dently caused both by the sin gle sources of their in flow to the river wa -
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ter) and by the sim i lar dy nam ics of con cen tra tions un der con di tions of intraannual changes in the hy dro log -
i cal, hydrobiological, and hydrochemical re gimes of the river.

The high est con cen tra tions of cop per and zinc were re corded on the river reach ad join ing
Rostov-on-Don, rather high con cen tra tions were reg is tered in the Don delta in some pe ri ods. How ever, on
the river reaches up stream of the Rostov ag glom er a tion in all sea sons, the cop per con cen tra tion has al ready
ex ceeded the MPC on av er age by 3.3 times. Ap par ently, the steady in crease in the con cen tra tion of dis -
solved cop per and zinc in the wa ter up to the val ues that are close or ex ceed the MPC is as so ci ated not only
with anthropogenic pol lu tion but also with the in ten si fied trans port of these el e ments as a re sult of the
large-scale plough ing of soil in the Lower Don river catch ments in the sec ond half of the 20st cen tury.

The pat tern of intraannual vari abil ity of dis solved forms of cop per and zinc in the Lower Don is mainly
de ter mined by the nat u ral (hy dro log i cal, hydrobiological, and hydrochemical) fac tors, which is in di cated
by the strongly pro nounced syn chrony in the intraannual vari a tions in metal con cen tra tions in the wa ter at
most ob ser va tion sta tions. This syn chrony highly cor re lates with changes in the con cen tra tion of other an a -
lyzed hydrochemical pa ram e ters (NO

2

- , NO
3

- , NH
4

+ , PO
4

3- , O2, sus pended mat ter).

Two max ima of the con cen tra tion of cop per and zinc were reg is tered, which were as so ci ated with
their in flow to the wa ter as a re sult of or ganic mat ter min er al iza tion af ter the spring-summer and sum mer-
au tumn phytoplankton out bursts, re spec tively. Min i mum con cen tra tions of cop per and zinc in the spring-
sum mer pe riod are caused, on the one hand, by the di lu tion with melt wa ter that came from the catch ment
sur face. On the other hand, they are de ter mined by the re moval of dis solved met als from the wa ter as a re -
sult of both the in ten sive as sim i la tion by liv ing mat ter dur ing the spring-summer phytoplankton out burst
and the bind ing into sus pended mat ter by iron and man ga nese ox ides and hy drox ides un der con di tions of
wa ter sat u ra tion with ox y gen (as well as the sorp tion of organomineral sus pended sub stances that came
from the catch ment sur face in the melt wa ter and their sub se quent sed i men ta tion into bot tom sed i ments).
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