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In recent decades, heavy m e t
als as environm enta l po llu tants  are 
o f increasing concern . Heavy m e t
als are proved to be the main p o l
lu tan ts of the atm osphere, g ro u n d 
w ater and surface  water, soil cover, 
etc. Unlike organ ic po llu tants 
decom posab le  in a varying degree, 
heavy m eta ls are incapable  to  d is 
in tegra te  bu t on ly re-spread am ong d iffe re n t com ponen ts  of 
w a ter ecosystem s—water, suspended solids, bo ttom  se d i
m ents and b iota, and, there fore , they shou ld  be considered 
as constan tly  presen t in ecosystem s [1 ]. Increasing co n ce n 
tra tions o f heavy m eta ls in various natural ob jec ts  is d e tr i
m ental to  the living w orld , there fore , iden tify ing  sources of 
po llu tion , the ir d is tribu tion , deve loping m ethods to com ba t

po llu tion  seem s to be a very u rgen t task both in general and 
fo r spec ific  regions w here these p rocesses have the ir own 
specifics.

In th is regard, the top ic  of choosing the m ost inform ative 
ind ica tors in assessing the extent of technogenesis is also 
relevant. There is a need to study the geochem ical cond i
tions of m igration of po llu tants and the ir role in the function ing
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o f natural ecosystem s, due to the grow ing anthropogenic 
im pact, primarily, in developm ent o f large mineral deposits. 
The processes o f m in ing-induced technogenesis are pa rticu 
larly active in m ining areas o f heavily m ounta inous terrain, with 
the fo rm ation of la rge-scale halos of induced dispersion of 
typom orph ic elem ents.

M ines are am ong the m ost powerful environm ental con- 
tam inators b y  heavy m etals, and the Tyrnyauz tungsten- 
m olybdenum  plant (here ina fte r referred to as TTMP) is not an 
exception in th is respect. Anom alies caused by m ining activ i
ties in underground and surface waters, bottom  sedim ents 
and soils, covering very long sections o f the Baksan River Val
ley, prove this.

The intense river pollu tion in the area o f TTMP began since 
the tim e o f the Tyrnyauz fie ld  developm ent. Prior to  th is period, 
the Kabardino-Balkaria  rivers and, in particular, the Baksan 
River were the main spawning site  fo r Terek salmon, stellate 
sturgeon, carp, and other species o f fish [2 ]. In 1958, e ro 
sion o f old ta ilings a t TTMP resulted in mass killing o f fish fo r a 
d istance o f tens k ilom eters from  the place of erosion [3]. The 
situation in fisheries was aggravated by the construction  o f the 
Pavlodol dam on the Terek River, since valuable species o f fish 
d isappeared above it in all rivers o f the basin, which caused 
sign ifican t dam age to the ir populations in the Caspian Sea [4].

The developm ent o f the Tyrnyauz fie ld led to a noticeable 
increase in the solid runo ff o f the Baksan River: a fte r indus
trial drains began to be active ly d ischarged into the river (m id 
fifties), it increased about 3 -5  tim es (data o f the G ipronikel 
Institute). This s ign ifican tly  deterio ra ted the use cond itions of 
river w ater fo r drinking and dom estic w ater supply, and se t
tlem ents located in the m iddle and lower reaches of the river 
were forced to sw itch to  groundw ater

The chem ica l qua lity  o f river w aters c learly  re flec ts  the 
litho log ica l and geochem ica l fea tures o f rocks in ad jacent 
struc tu ra l and fo rm a tion  zones o f the  northern  s lope o f the 
Central Caucasus, w hich cross the riverbed. The m ining 
areas are characterized by s p a c e -tim e  varia tion in the ac id - 
base ind ica to r o f the surface  o f the water, w hich leads to 
s ign ifican t res truc tu ring  o f m itiga tion  cond itions o f chem ical 
e lem ents. All tr ibu ta ries  o f the Baksan River above the Tyrny
auz fie ld  is characterized by a neutral reaction (pH 7 .2 -7 .5 ). 
There is a tendency tow ards an increase in pH value and 
in the concentra tion  o f b ica rbona te  ions in the area o f the 
quarry  and waste dum ps, and especia lly  c learly  in the areas 
w here the c la rified  w aters d ischarge from  the ta ilings dump. 
This leads to an increase in the m ob ility  o f som e elem ents, 
in particu lar, m olybdenum  in the co rresponding  sections of 
the river (the  m igra tion ab ility  o f m olybdenum  increases with 
increasing pH).

It is a com m on know ledge that substances, including p o l
lutants, m itigate in rivers as both dissolution and suspension. 
Conventionally, the quality of the w ater environm ent con tam i
nated w ith heavy m etals was assessed m ainly from  the com 
parison o f gross heavy m etals w ith MPC values. However, the 
stud ies have shown [1. p. 123] tha t such assessm ent is unrea
sonable and the gross con ten t o f heavy m etals is unsuitable fo r 
these purposes, since “ ... the ir b io logical activ ity and chem i
cal reactivity in natural waters is governed to a large extent by 
the ir s ta te—a w hole se t o f coexisting physical and chemical 
fo rm s .” A t the same tim e, d issociated aquatic ions o f heavy 
m etals and som e hydrocom plexes are the m ost toxic to  water 
organism s due to certa in penetrab ility  th rough cell m em brane

Table  1. The  c h a n g e s  in  a lk a lin e -a c id  c o n d it io n s  and 
th e  c o n te n t o f  HCO3 io n  (m g  /  l) in r iv e r  w a te rs  a lo n g  th e  
B aksan  R ive r

Water point location
Baksan River Inflows

pH HCO3 pH HCO3
Terskol village 7.4 55.2 7.2 64.7
Verkhni Baksan village 7.0 70.1 6.8 82.8
Chelmas 7.5 60.9 7.6 75.3
Southern outskirts of Tyrnyauz 7.8 61.2 7.1 42.2
TTMP plant 7.8 109.0 7.6 58.4
1 km above the discharge of 
clarified tailings waters 8.0 61.4 - -

The discharge of clarified 
tailings waters 8.6 176.3 7.6 85.3

1 km below the discharge of 
clarified waters 8.2 167.1 7.5 98.4

Bedik village 7.8 122.9 7.6 110.2
Lashkuta village 7.5 79.5 7.6 85.1
Zayukovo settlement 7.5 91.6 7.5 62.3
Kizburun-1 settlement 7.3 92.1 7.5 111.4
Baksan 7.3 95.5 7.5 128.2

[5]. Accord ing to P N. Linnik [1 ], the co rrect assessm ent o f the 
tox ic ity  level o f the w ater environm ent, determ ined by com 
pounds o f heavy m etals, is possib le  only on the basis of data 
on the con ten t o f the d issociated aqua ions in water. In these 
studies, we used the results on the concentration o f free ions 
in river w ater obtained by co lo rim etric  m ethods m ost suitable 
fo r these purposes.

Statistical param eters o f the d istribu tion  o f m icrocom po
nents in m odern bo ttom  sedim ents o f the Baksan River are 
given in Tab le  2. It tu rns out tha t the d istribu tion o f the typo- 
m orph ic e lem ents o f the Tyrnyauz fie ld is sa tis factory enough 
in accordance to the usual law o f d istribu tion. Deviations o f the 
asym m etry estim ate from  zero to the positive side fo r m olyb
denum, tin, chrom ium , bism uth, zirconium  indicate the pres
ence o f abnorm ally high concentra tions o f these e lem ents in 
the sample. The d istribu tion o f the abovem entioned elements 
is characterized by more noticeable variations, which is a cha r
acte ris tic  feature of the anthropogenic dispersion flux. The 
close corre lation (Tab le  3 ) points a t the  paragenic ity o f a ccu 
m ulation o f typom orph ic  e lem ents—m olybdenum , tungsten, 
tin, chalk, bism uth, lead, chrom ium , and once again confirm s 
tha t the degree o f separation o f these e lem ents in bo ttom  sed
im ents is small. The d istribu tion o f these e lem ents along the 
river is highly consis tent and no sharp d ifferentia tion o f their 
associations is observed.

Associations and concentra tions o f chem ical e lem ents in 
bottom  sedim ents ind icate tha t scattering fluxes in modern 
form ations o f the Baksan River have s ign ifican t size and high 
con ten t of a w ide group o f e lem ents w ith sharp ly varying d is 
tribu tions along the profile. The form ed zones o f intense po l
lution in the bottom  sed im ents o f the Baksan River can persist 
quite long (tens and hundreds o f years), and are a potentia lly  
hazardous source o f secondary pollution o f the aquatic envi
ronm ent [6, 7].

The changes in the m icrocom ponen t com position  of 
the Baksan River waters are shown in the figure. It is easy 
to  see th a t the  natural associa tion o f e lem ents and their 
ratios undergo sharp  de fo rm a tion  in the area o f the  deposit
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Table 2. S ta tis t ic a l d a ta  on  d is tr ib u t io n  o f  m ic ro c o m p o n e n ts  in  m o d e rn  b o tto m  s e d im e n ts  o f  th e  B aksan R iver (No. = 32 )

No. Metals Minimum Maximum mkg/g Average Standard deviation Variation Asymmetry Kurtosis
1 W 1 800 334.43 294.42 0.881 0.726 -1.216

2 Mo 5 500 120.31 131.64 0.094 1.671 2.030
3 Pb 20 150 87.50 32.96 0.376 0.143 -0.069
4 Mn 200 1500 728.12 337.62 0.463 0.468 -0.610
5 Sn 5 35 12.00 7.91 0.659 1.489 1.724

6 Ti 1500 5000 3000.00 1224.74 0.408 0.484 -1.322
7 Cu 5 150 66.87 36.46 0.545 0.472 -0.497
8 Zn 20 150 67.81 37.01 0.545 0.379 -0.761
9 Cr 20 150 55.00 35.26 0.641 1.312 0.800

10 Be 1 3 1.87 0.80 0.751 0.201 -1.531
11 Sc 2 20 8.31 6.24 0.385 0.670 -1.018
12 Bi 1 35 6.31 8.74 0.423 2.169 4.362
13 Ni 10 50 26.87 11.38 0.899 0.136 -1.102
14 Zr 80 2000 592.50 532.88 0.285 1.236 0.782
15 Sr 350 800 575.00 164.31 0.295 0.427 -1.437
16 Ba 50 200 134.37 39.66 0.363 -0.208 -0.594
17 TP 7 94 52.62 19.14 0.429 -0.131 0.767

Note: TP -  total protein

Table 3 . C o rre la tio n  m a tr ix  o f  th e  c o n te n t o f  c h e m ica l e le m e n ts  in th e  b o tto m  se d im e n ts  o f  th e  Baksan R iver (32  sam p les)

No. Elements
TP W Mo Pb Mn Sn Ti Cu Zn Cr Be Sc Bi Ni Zr Sr Ba
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 TP 100
2 W 47 100
3 Mo 37 43 100
4 Pb 12 53 65 100
5 Mn 9 41 64 25 100
6 Sn 33 51 86 71 64 100
7 Ti 2 66 10 27 22 21 100
8 Cu 53 62 50 43 44 53 25 100
9 Zn 6 38 39 46 39 45 38 64 100
10 Cr 56 56 14 -8 51 32 38 42 20 100
11 Be 26 -7 -25 11 -56 -19 -16 -2 1 3 100
12 Sc 8 16 0 -6 -13 -3 41 -27 -30 8 -21 100
13 Bi 62 59 44 33 53 62 19 65 39 80 19 -20 100
14 Ni 21 49 70 59 65 74 23 35 65 39 0 -14 58 100
15 Zr 21 51 15 4 11 14 77 0 -11 33 -30 67 5 0 100
16 Sr 25 30 56 46 19 43 34 8 -6 6 -15 55 10 16 57 100
17 Ba 29 32 -22 22 -28 11 24 7 -18 25 24 41 29 -18 24 19 100

Note: For convenience the correlation coefficients are multiplied by 100.

(c ross-section  I), when the p roducts  o f leach ing w aste dumps 
(M aly and Bolshoi M ukulan stream s) and dra inage w aters of 
the  depos it (Chilm ian stream  and the Kamyk River) en ter river 
w aters [6 ]. In th is section , the concentra tions o f m o lybde 
num and arsenic exceed MPC fo r drink ing  water. The m ost 
acute  po llu tion  o f river waters w ith  heavy m eta ls is recorded 
in the area o f the  main ta ilings o f TTMP (15 km be low  the fie ld 
along the Baksan River, c ross-section  II), w hich ind ica tes the 
m axim um  con tribu tion  o f the  c larified  w ate rs o f the ta ilings 
to the to ta l po llu tion  o f the  river. There are a lready three ele- 
m ents— m olybdenum , tungsten  and a rsen ic— exceed MPC,

and an tim ony is a t the level o f MPC. This observation  c ross 
section  characterizes the tota l inpu t o f o re -bearing  e lem ents 
from  various ob jec ts  o f TTMP and shows th a t typom orph ic  
e lem ents o f the Tyrnyauz depos it exceed the maximum 
perm iss ib le  concentra tion  in river waters. Downstream  in 
the area o f in tensive feed ing  o f the river w ith  underground, 
m ainly karst waters (c ross-section  III) and fu rth e r in the area 
o f in tensive river w a te r analysis fo r irriga tion  o f agricu ltu ra l 
land (40 km below  the fie ld , c ross-section  IV), the co ncen tra 
tion  o f m any m ic rocom ponen ts  under study, only tungsten  is 
a t the level o f MPC.
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Figure. D is tr ib u tio n  o f  ty p o m o rp h ic  e le m e n ts  o f  th e  Tyrnyauz fie ld  in va riou s  co m p o n e n ts  o f  w a te r e cosys tem  o f th e  
Baksan River

C ross-section V (60 km below  the fie ld ) is located at the 
exit o f the Baksan River to  the fla t terra in, consequently, a t the 
place o f changing the hydro log ica l regim e o f the watercourse. 
Here, the concentra tions and ratios o f the stud ied oreogenic 
m eta ls are close to natural (background). However, against 
the general trend tow ards a decrease in the concentration 
o f heavy m etals, the m olybdenum  con ten t sharp ly  increases 
[7 ]. In th is  case, in the absence o f any o ther real sources of 
m olybdenum , it enters from  the bo ttom  sed im en t o f the  river 
(desorp tion), w hich means the secondary po llu tion o f the 
w ate r environm ent—the phenom enon w ide ly  d iscussed in the 
literature [8].

The qua lity  contro l o f natural waters (m ore broadly, water 
ecosystem s) is based p rim arily  on the use o f hydrochem ical 
m ethods, as well as on bioassay and b io ind ica tion  m ethods.

Deliberately avoiding the discussion on effectiveness and 
adequacy o f hydrochem ical m ethods w ith all positive cha r
acte ris tics inherent in them , we spec ify  the ir main problem s: 
obvious insu ffic iency (the num ber of po llu tants is estim ated at 
several tens o f thousands, and a little  more than a thousand 
sanitary and hygienic and six hundred fishery standards have 
been developed, o f which two th irds are not provided w ith ana
lytical m ethods); MPC system  is a com plex o f d ifferentia ted 
assessm ents which neg lect the synerg istic and antagonistic
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effects o f m ixtures o f pollu tants; integration of the results of 
analytical contro l w ith the help of the calcu lated tota l pollution 
index (TPI) lacks a s tr ic t sc ien tific  basis. Furtherm ore, b io tes t
ing m ethods fail to  give unam biguous results, since they reflect 
the reaction to contam ination o f tes t organism s in laboratory 
conditions, which not always co incides w ith the response of 
the b io ta  o f a real object.

As an alternative to the noted m ethods, approaches based 
on the biochem ical assessm ent of the  w ater cenoses p roduc
tiv ity have appeared in recent decades. These m ethods enable 
integrated characterization the ecosystem  response to po llu 
tion, and the use o f these m ethods in com bination w ith hydro
chem ical techniques can sign ifican tly  increase inform ation 
con ten t o f geoeco log ica l studies in general [9].

In order to  c larify the biogeochem ical reactions o f living 
organism s to river pollution, m icroorganism s o f bo ttom  sed i
m ents were se lected. Representatives of the m icroworld are 
the m ost sensitive and universal o f all known bioindicators, 
since they react very quickly to changes in external conditions. 
To find out the e ffec t o f heavy m etals on m icroorganism s, their 
biom ass was determ ined. The biom ass o f m icro flo ra  o f bottom  
sedim ents was estim ated by the ind ica to r of total prote in (TP). 
The concentration o f cell protein of m icroorganism s is h ighly 
stable and am ounts to  50% of dry biom ass [10]. For the analy
sis o f prote in in bottom  sedim ents, the N izharadze-Pushnova 
m ethod based on the Bradford reaction was used [11].

It is found that TP d istribu tion stab ly  corre lates w ith the 
d istribu tion  of a num ber of heavy m eta ls—W, Mo, As, Pb, Sb, 
etc. (three year-long  observation data). Moreover, the stable 
positive corre lation dependence is established between these 
indicators: TP /  M o—0.89, TP /  W —0.66.

A probab le  explanation o f the  established spatia l re la tion 
ship between TP and heavy m eta ls is th a t heavy m eta ls hav
ing high e lec tronega tiv ity  have an a ffin ity  fo r  the functiona l 
groups o f pro te ins tha t these m eta ls b lock  to fo rm  chelate 
com plex com pounds. The fo rm ation  o f s trong  com pounds of 
heavy m eta ls w ith po la r groups o f pro te ins d is to rts  the  sys
tem  o f hydrogen and ion ic bonds o f the native pro te in  m o l
ecule, i.e. it causes prote in denatura tion [12 ]. The la tte r is 
associa ted w ith the loss o f b io log ica l activity, the  destruction  
o f hydra tion  shells, a decrease in so lub ility , th a t is, it co n tr ib 
utes to  the accum ula tion  o f pro te in  in the bo ttom  sed im ents 
o f the  river.

Thus, the  accum ula tion  o f pro te in  in the bo ttom  se d i
m ents o f the  Baksan River is caused by the tox ic ity  o f aquatic 
m icroorgan ism s w ith  heavy m etals, b ind ing o f the protein 
o f dead ce lls w ith  m etal ions to che la te  com plexes, and by 
the accum ula tion  o f the la tte r in the bo ttom  sed im ents o f the 
river. It is im portan t to  understand th a t che la tes are o f p a r
ticu la r environm enta l danger, s ince they d iffe r from  other 
fo rm s by the ir capab ility  o f rapid geochem ica l transfo rm ation  
under the in fluence  o f external fac to rs , as a resu lt o f which 
new com pounds can be fo rm ed, w h ich are som etim es more 
tox ic  than the in itial m ateria ls. The in te rre la tion  o f the spatial 
d is tribu tion  o f p ro te in  and tox ican t concentra tions, as well as 
the d iscovery o f the m echanism  o f the ir accum ula tion  in b o t
tom  sed im ents, m ade it possib le  to  de term ine  the spectrum  
o f po llu tants  w hich induce pronounced negative reaction  of 
the  Baksan River ecosystem .

The positive corre lation between the d istribu tion  o f TP and 
heavy m etals allowed us to describe the ir relationship by linear 
regression equations:

TP = 0.03W  + 42.26; TP = 0.05М о + 46.03; TP = 0.28Cu + 
+ 33.71;

TP = 0 .31С г + 35.66; TP = 0.36Bi + 31.27.

In conclusion, it should also be noted tha t such equations 
open up prospects fo r using TP as an integral ind ica to r o f p o l
lution of bottom  sed im ents o f w atercourses in a w ide range of 
natural landscape cond itions [13]. This example proves the 
e ffectiveness o f the use o f the prote in m ethod and dem on
strates its advantages, namely, sw iftness and cos t-e ffec tive 
ness (analysis of sam ples fo r TP con ten t is 5 0 -7 0 %  cheaper 
than traditional chem ical and m icrob io log ica l analyzes, and its 
use increases the labor productiv ity  o f a laboratory w orker by 
3 -4  tim es). Identification o f the fo rm s o f prote in accum ulation 
in the bottom  sedim ents of the Baksan River can sign ificantly 
reduce the error in the determ ination o f heavy m etals using an 
integral ind ica to r—TP.
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