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Ab stract—The ex per i men tal re sults of eval u at ing lev els of air pol lu tion with per sis tent or ganic pol -
lut ants (POPs) listed in the Stock holm Con ven tion at Amderma and Tiksi sta tions in 2015–2017 are
pre sented. The list of POPs in cludes polychlorinated bi phen yls, organo chlorine pes ti cides, and poly-
brominated di phen yl ethers. The ranges of the POP con cen tra tion are re vealed and the sta tis ti cal char ac -
ter is tics (mean, me dian) over the ob ser va tion pe riod are cal cu lated. Based on the anal y sis of di ag nos tic
ra tios and tem per a ture dependences, the fea tures of global trans port sources are con sid ered. A wide
range of vari a tions in the con cen tra tion of POPs is shown that de pends on en vi ron men tal fac tors and the 
source type (lo cal sources or global trans port).
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IN TRO DUC TION

The ur gency of the prob lem of the Arc tic re gion pol lu tion is de ter mined by the fact that eco sys tems of
the north ern re gions are very sen si tive to anthropogenic im pacts. One of the most un pre dict able and poorly
ex plored phe nom ena is the im pact on the Arc tic eco sys tem of per sis tent or ganic pol lut ants (POPs), which
have ex clu sively anthropogenic or i gin. Due to the fea tures of the global at mo spheric cir cu la tion, POPs that
ar rive to the at mo sphere are con cen trated ex actly in the po lar re gions of the globe [8, 14]. In the North ern
Hemi sphere, where most of pop u la tion lives, the main por tion of in dus trial and ag ri cul tural prod ucts are
pro duced, and the anthropogenic im pact of POPs on the Arc tic eco sys tem outs un der great risks fa vor able
liv ing con di tions on the whole Earth. 

The ma jor ity of long-term se ries of POPs ob ser va tions in the at mo sphere (>20 years) were ob tained for
the Arc tic re gions of North Amer ica and West ern Eu rope (AMAP sta tions: Alert (Can ada), Zep pe lin (Nor -
way), Pallas (Fin land)). There is an acute lack of reg u lar data for the Arc tic zone of East ern Eu rope and
Asia, which leads to great un cer tain ties in mod el ing and es ti mat ing the global trans port of POPs.

Be sides the sci en tific and prac ti cal value, the mon i tor ing of POPs in the Rus sian Arc tic is one of the el e -
ments of in ter na tional ob li ga tions of the Rus sian Fed er a tion in the frame work of the Stock holm Con ven -
tion on POPs (2001) [4].

The given pa per pres ents and sum ma rizes ex per i men tal re sults of study ing the con cen tra tion of sev eral
groups of the most com mon organo chlorine com pounds: hexa chloro ben zene (HCB), HCH iso mers, DDT,
DDD, DDE, polychlorinated bi phen yls (PCBs), as well as polybrominated di phen yl ethers (PBDEs) in -
cluded to the list of the Stock holm Con ven tion at Amderma and Tiksi sta tions in 2015–2017.
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METHODS

The reg u lar ob ser va tions of POPs in am bi ent air were or ga nized at Amderma (69°4 ¢5 2 ¢¢2  N, 61°4 ¢0 1 ¢¢5  E)
and Tiksi (71°3 ¢5 1 ¢¢0  N, 128°5 ¢5 7 ¢¢8  E) sta tions to study their global at mo spheric trans port in the Rus sian
Arc tic dur ing the pe riod from Sep tem ber 2015 to March 2017 (Fig. 1). At Amderma and Tiksi sta tions, 41
and 24 sam ples, re spec tively, were taken. The sam pling points were sit u ated in the open ar eas: close to
Amderma weather sta tion, to wards the east on the out skirts of the vil lage at a dis tance of about 500 m from
the res i den tial area; in Tiksi, at Polyarka weather sta tion 14 km south of the res i den tial area of the vil lage
(the eco nomic ac tiv ity is not car ried out). The ob ser va tions of POPs con tent were con ducted by the con tin -
u ous weekly sam pling of am bi ent air with a vol ume of about 10000 m3, with the con cen tra tion of analytes
to aero sol fil ters and spe cial sorbents by the method adopted in in ter na tional prac tice [4, 17].

All lab o ra tory stud ies of POPs were per formed by the mod ern iso tope di lu tion anal y sis meth ods
(high-resolution chro ma tog ra phy-mass spec trom e try) us ing the last-generation in stru ments (DFS HR and
Agilent 7200 Q-TOF) in the ac cred ited lab o ra tory of Taifun Re search and Pro duc tion As so ci a tion
(Obninsk) us ing the method de scribed in [7]. The uti lized an a lytic method al lowed the max i mum re li able
iden ti fi ca tion of analytes (in to tal, more than 150 in di vid ual com pounds), in clud ing POPs, and the de ter mi -
na tion of their con cen tra tion at the lev els of 0.01–0.1 pg/m3.

RE SULTS AND DIS CUS SION

The air trans port of POPs from the mid dle and south ern lat i tudes to the Arc tic re gion is di rected from
west to east and has a pro nounced sea sonal pat tern [8]. Due to the prev a lent tro po spheric west-to-east trans -
port, the north ern re gions of Rus sia are the zone of the global fall out of pol lut ants ac cu mu lated as a re sult of 
at mo spheric emis sions from in dus tri ally de vel oped coun tries of West ern and East ern Eu rope, North Amer -
ica, and Asia [1, 6]; the Rus sian Arc tic mainly acts as a re cip i ent of transboundary pol lu tion (in clud ing
POPs).

Sea sonal vari a tions. To re veal sea sonal vari a tions, ob ser va tional data were di vided into two groups:
data ob tained at the neg a tive and pos i tive val ues of sur face air tem per a ture. Here in af ter, these pe ri ods are
named “cold” and “warm.”

The sea sonal pat tern of vari a tions in the POPs con cen tra tion is man i fested in the fact that dur ing the
warm sea son POPs con cen tra tions are much higher than in the cold one (Ta bles 1, 2). For ex am ple, at
Amderma sta tion dur ing the warm sea son as com pared to the cold sea son, the con cen tra tion of the DDE,
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Fig. 1.  The scheme of lo ca tion of Arc tic sta tions for mon i tor ing per sis tent or ganic pol lut ants (Amderma and Tiksi) and
AMAP sta tions.
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Ta ble 1. The con cen tra tion (pg/m3) of organo chlorine POPs in air over Amderma sta tion (2015–2017)

Analyte, ra tio

Cold sea son (T < 0°C) Warm sea son (T  > 0°C) Year

Range Mean/
me dian

d, % Range Mean/
me dian

d, % Range Mean/
me dian

d, %

Hexachloro-
benzene

6.4–30.1 17.6/18.2 100 6.9–23.5 14.7/14.3 100 6.4–30.1 16.3/16.6 100

HCH iso mers

a-HCH
b-HCH
g-HCH
To tal a-, b-,
g-HCH
a-HCH/ g-HCH

3.4–15.1
  0–3.6
  0–4.5

3.6–20.1

  1–19.2

7.1/6.8
1.0/0.9
1.8/1.8
9.8/9.5

4.9/2.6

72
10
18

100

– 

3.5–26.5
0.2–3.2  
0.6–18.7
8.3–46.8

1.4–39.5

11.1/9.3
1.3/1.1
3.8/2.9

16.1/11.4

9.2/4.6

69
8

23
100

– 

3.5–26.5
0–3.6  
0–18.7

3.6–46.8

1–39.5

8.8/7.8
1.1/0.9
2.6/2.3

12.6/10.3

7.3/3.4

70
9

21
100

–

Organo chlorine pes ti cides

2, ¢4 -DDE
4, ¢4 -DDE
2, ¢4 -DDD
4, ¢4 -DDD
2, ¢4 -DDT
4, ¢4 -DDT
To tal DDE,
DDD, DDT
4, ¢4 -DDT/
4, ¢4 -DDE
2, ¢4 -DDT/
2, ¢4 -DDE
4, ¢4 -DDT/
2, ¢4 -DDT

0–2.0
0.3–4.4
0–2.4
0–4.4

0.3–2.8
0.3–5.8

2.6–19.7

0.23–6.23

0.51–5.52

0.41–4.10

0.5/0.4
1.5/1.2
0.5/0.2
0.7/0.5
0.9/0.8
1.5/1.2
5.6/4.4

1.18/0.96

2.17/1.88

1.80/1.53

8
27

9
13
16
27

100

– 

– 

– 

0.4–5.2  
0.9–25.9
0.2–3.5  
0.3–2.9  
2.1–6.1  
2.4–8.6  
7.8–49.9

0.33–4.18

0.96–12.9

0.93–2.13

1.1/0.9
5.4/4.3
1.4/1.2
1.6/1.5
3.7/3.4
5.1/4.9

17.8/15.8

1.42/1.16

4.47/4.03

1.40/1.44

6
30

7
9

20
28

100

– 

– 

– 

0–5.2  
0.3–25.9

0–3.5  
0–4.4  

0.3–6.0  
0.3–8.6  
2.6–19.7

0.23–6.23

0.51–12.9

0.41–4.10

0.8/0.6
3.2/1.9
0.9/0.7
1.1/0.9
2.1/1.4
3.1/2.3

11.0/7.1

1.28/1.12

3.23/2.52

1.62/1.47

7
29

8
9

19
28

100

–

–

–

Polychlorinated bi phen yls

PCB-28 +
PCB-31
PCB-52
PCB-101
PCB-105
PCB-118
PCB-138
PCB-153
PCB-156
PCB-180
To tal 
trichloro-PCB
To tal
tetrachloro-PCB
To tal
pentachloro-
PCB
To tal
hexachloro-PCB
To tal PCB

0–8.14

0.15–5.47
  0–5.89

0–4.02
0–9.71
0–7.56
0–3.12
0–0.75
0–0.74

0.1–8.5  

0.1–16.3

0–34.1

0–17.3

1.5–67.9

2.02/1.41

1.78/1.17
1.54/0.63
1.05/0.56
1.85/0.84
1.38/0.46
0.83/0.28
0.12/0     
0.12/0     

2.2/1.4

4.8/3.8

9.0/5.2

3.6/0.8

19.7/11.5

– 

– 
 – 
– 
– 
– 
– 
– 
– 

11

25

46

18

100

1.17–7.80

1.10–23.6
1.77–13.1
0.86–10.9
     0–17.3
0.47–11.2
0.43–5.59
    0–0.38
    0–1.62
1.2–8.4

 3.1–47.8

9.6–65.4

1.2–26.1

16.3–146

2.89/2.38

4.51/3.23
4.62/3.38
3.40/2.31
4.72/2.99
3.13/2.35
2.13/1.80
0.11/0.06
0.27/0.11

3.7/2.7

12.9/8.7

25.4/17.0

8.2/6.7

50.3/38.3

– 

– 
– 
– 
– 
– 
– 
– 
– 
7

26

51

16

100

0–8.14

0.15–23.6
0–13.1
0–10.9
0–17.3
0–11.2
0–5.59
0–0.75
0–1.62

0.1–8.5  

0.1–47.8

0–65.4

0–26.5

1.5–146 

2.40/1.89

2.98/2.18
2.89/1.93
2.08/1.43
3.11/1.74
2.15/1.30
1.40/0.90
0.12/0     
0.18/0     

2.9/2.3

8.4/5.4

16.2/10.7

5.6/3.7

33.1/22.0

–

–
–
–
–
–
–
–
–
9

25

49

17

100

Note: Here and in Ta ble 2, d is the frac tion in mix ture cal cu lated us ing the mean val ues of con cen tra tions. 
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Ta ble 2. The con cen tra tion (pg/m3) of organo chlorine POPs in air over Tiksi sta tion (2015–2017)

Analyte, ra tio

Cold sea son (T < 0°C) Warm sea son (T  > 0°C) Year

Range Mean/
me dian

d, % Range Mean/
me dian

d, % Range Mean/
me dian

d, %

Hexachloro-
benzene

5.9–39.1 18.9/19.3 100 4.7–21.7 13.3/12.1 100 4.7–39.1 16.8/18.0 100

HCH iso mers

a-HCH
b-HCH
g-HCH
To tal a-, b-,
g-HCH
a-HCH/ g-HCH

2.7–13.4
  0–1.9  
 0–2.9  

3.1–15.5

1.7–23.8

6.8/5.8
0.4/0.2
1.4/1.5
8.4/7.8

7.6/5.1

80
5

15
100

–

6.9–29.0
0.1–2.6
1.0–7.7

9.0–38.2

3.8–9.1

15.1/12.1
1.3/1.2
3.2/2.7

19.6/16.9

5.4/5.0

78
7

15
100

–

2.7–29.0
0–2.6  

0.0–7.7  
3.1–38.2

1.7–23.8

9.9/8.1
0.7/0.4
2.0/1.6

12.6/9.1  

6.8/5.0

80
5

15
100

–

Organo chlorine pes ti cides

2, ¢4 -DDE
4, ¢4 -DDE
2, ¢4 -DDD
4, ¢4 -DDD
2, ¢4 -DDT
4, ¢4 -DDT
To tal DDE,
DDD, DDT
4, ¢4 -DDT/
4, ¢4 -DDE
2, ¢4 -DDT/
2, ¢4 -DDE
4, ¢4 -DDT/
2, ¢4 -DDT

0.01–0.57
0.19–2.05

0–0.14
0.01–0.42
0.04–1.10
0.13–1.58
0.58–5.22

0.19–1.07

0.08–8.65

0.87–4.19

0.15/0.09
0.76/0.57
0.04/0.02
0.15/0.09
0.24/0.15
0.40/0.29
1.72/1.58

0.63/0.63

2.89/2.24

2.24/1.71

8
42
3
8

15
24

100

–
–

–

0.02–0.83
0.16–4.73
0.03–0.45
0.04–0.75
0.08–4.28
0.06–6.21
0.38–17.1

0.39–1.36

3.02–6.02

0.83–2.27

0.46/0.55
2.93/3.63
0.27/0.29
0.44/0.53
2.16/2.31
3.37/3.72
9.63/11.5

1.00/1.08

4.63/5.20

1.50/1.45

5
33
4
6

21
31

100

–

–

–

0.01–0.83
0.16–4.73

0–0.45
0.01–0.75
0.04–4.28
0.06–6.21
0.38–17.1

0.2–1.4  

0.08–8.65

0.8–4.2  

0.26/0.14
1.57/0.92
0.13/0.04
0.26/0.14
0.96/0.26
1.51/0.46
4.69/1.99

0.8/0.7

3.54/3.62

2.0/1.6

7
39
3
7

17
27

100

–

–

–

Polychlorinated bi phen yls

PCB-28 +
PCB-31
PCB-52
PCB-101
PCB-105
PCB-118
PCB-138
PCB-153
PCB-156
PCB-180
To tal 
trichloro-PCB
To tal
tetrachloro-PCB
To tal
pentachloro-
PCB
To tal
hexachloro-PCB
To tal PCB

0–8.03
0.23–2.84
0.35–1.88

0–1.43
0.37–2.26
0.12–1.31
0.14–1.43

0–0.13
0–0.35

0.10–8.50
1.44–6.58

1.86–10.3

0.47–4.33

5.9–27.2

2.40/1.20
1.15/0.94
0.88/0.77
0.53/0.29
0.96/0.63
0.54/0.43
0.43/0.37

0.02/0
0.04/0

3.60/2.48
3.25/2.40

4.72/4.16

1.33/0.80

12.9/10.4

–
–
–
–
–
–
–
–
–

25
26

38

10

100

1.07–7.40
0.78–7.28
0.81–9.67
0.18–4.89
0.41–6.86
0.34–3.75
0.30–3.20
0.00–0.29
0.00–0.35
1.19–7.89
2.93–20.4

3.93–43.4

0.89–11.0

8.9–82.7

2.90/1.66
2.15/1.40
2.93/2.03
1.70/1.11
2.54/2.33
1.36/1.02
1.09/0.79
0.06/0.00
0.14/0.14
3.10/1.77
6.24/4.02

14.0/10.4

3.72/2.63

27.1/20.3

–
–
–
–
–
–
–
–
–

11
23

52

13

100

0.00–8.03
0.23–7.28
0.35–9.67
0.00–4.89
0.37–6.86
0.12–3.75
0.14–3.2  
0.00–0.29
0.00–0.35
0.10–8.50
1.44–20.4

1.86–43.4

0.47–11.0

8.9–82.7

2.59/1.59
1.52/1.14
1.65/1.09
0.96/0.84
1.55/1.28
0.85/0.53
0.68/0.53
0.03/0.00
0.08/0.00
3.41/2.39
4.37/3.16

8.21/5.79

2.22/1.46

18.2/14.8

–
–
–
–
–
–
–
–
–

21
25

43

11

100



DDD, and DDT iso mers is higher by 2.3–4 times, the con tent of HCH iso mers is higher by 1.3–2.1 times,
the sums of trichloro-PCB iso mers are higher by 1.7 times, and the sums of tetrachloro-, pentachloro-, and
hexachloro-PCB iso mers are higher by 2.3–2.8 times. At Tiksi sta tion, the con cen tra tions of POPs in am bi -
ent air dur ing the warm sea son are also higher than in the cold sea son: by 2.1–3.3 times for the HCH iso -
mers, by 3.3–8 times for the DDE, DDD, and DDT iso mers, and by 1.9–2.8 times for the sums of
tetrachloro-, pentachloro-, and hexachloro-PCB iso mers. The curves in Fig. 2 dem on strate tem po ral vari a -
tions in the con cen tra tion of HCH iso mers, DDE, DDD, and DDT iso mers, and the sum of PCB iso mers in
air over Amderma sta tion. The sea sonal course of HCB con cen tra tions is not ob served at both sta tions.

The con cen tra tion of PBDEs in air over Amderma and Tiksi sta tions is low, and the con cen tra tions of
the iden ti fied iso mers PBDE-47, -99, -100, -183, -209 were above the de tec tion lim its only for 50% of sam -
ples. The arith me tic mean val ues of con cen tra tion for the PBDE iso mers dur ing the warm and cold sea sons
were (pg/m3): 

—at Amderma sta tion:

PBDE iso mer

Warm sea son
Cold sea son

-47

0.89
0.38

-99

0.41
0.12

-100

0.54
0.25

-183

0.37
0.31

-209

0.46
0.31

—at Tiksi sta tion:

PBDE iso mer

Warm sea son
Cold sea son

-47

0.15
  0.067

-99

0
0.011

-100

0.047
0.019

-183

0.013
0.025

-209

1.0
1.2

Thus, the lighter iso mers PBDE-47, -99, -100 are char ac ter ized by the higher con cen tra tions in air in the
warm sea son, and no such reg u lar ity is ob served for the heavier PBDE-183, -209. As well as in case of
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Fig. 2. Tem po ral vari a tions in (à) sur face tem per a ture and (b–d) con cen tra tion of organo chlorine POPs at Amderma sta tion.
The HCH iso mers: (1) a-HCH; (2) b-HCH; (3) g-HCH; (4) to tal DDE; (5) to tal DDD; (6) to tal DDT; the PCB iso mers: (7) to -
tal trichloro-PCB; (8) to tal tetrachloro-PCB; (9) to tal pentachloro-PCB; (10) to tal hexachloro-PCB.



organo chlorine POPs, the mean con cen tra tions of PBDE at Tiksi sta tion are 2–10 times smaller than at
Amderma sta tion. 

In terms of the ab so lute val ues, the av er age an nual con cen tra tions of POPs at Amderma and Tiksi sta -
tions in 2015–2017 were com pa ra ble to sim i lar data from the for eign Arc tic sta tions. The com par i son of the 
mean val ues of con cen tra tions (Fig. 3, Ta ble 1) shows that the con cen tra tions of a- and g-HCH on the Rus -
sian Arc tic coast ob served in 2015–2017 are 2–4 times higher than the con cen tra tions ob served in that pe -
riod at the Arc tic sta tions Alert, Zep pe lin, Pallas, Storhofdi, data for which were ob tained from the EBAS
da ta base (NILU).

At the Russian stations Amderma and Tiksi, the concentrations of 4,4-DDT, 4,4-DDE, 2,4-DDT,
2,4-DDE were equal to 3.1, 2.1, 3.2, 0.8 pg/m3 and 1.5, 0.96, 1.6, 0.26 pg/m3, respectively; the concentrations
of PCB-52, -101, -118, -153, -180 were equal to 2.3, 2.9, 3.1, 1.4, 0.18 and 1.5, 1.7, 1.6, 0.68, 0.08 pg/m3, 
respectively, which is 5–20 times higher than at Alert, Zeppelin, Pallas, and Storhofdi stations. The concen- 
trations of PBDE-47, -99, -100 at Amderma station were 0.60, 0.25, and 0.38 pg/m3, respectively. This is ap-
proximately twice smaller than at Alert station and close to the values at Zeppelin station, but it is ~4 times
higher than at Pallas station. At Tiksi station, the concentrations of PBDE-47, -99, -100 were 0.092, 0.007,
and 0.029 pg/m3 and were close to the values obtained in the analyzed period for Zeppelin and Pallas stations.

The pat tern of sea sonal vari a tions in the POPs con cen tra tions in am bi ent air is sig nif i cantly de ter mined
by the geo graphic con di tions and phys i cal and chem i cal prop er ties of POPs. For ex am ple, Alert sta tion is in 
ice all year round, and the con cen tra tions of POPs in air are de ter mined by the global trans port alone; at the
same time, the sum mer peak of b-HCH at Storhofdi sta tion is caused by evap o ra tion from the nearby ocean
[9]. An in crease in the con cen tra tion of POPs ob served at Amderma and Tiksi sta tions in the warm sea son
is also typ i cal of the sta tions lo cated in Green land [11] and can not be ex plained by the global trans port
alone.
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Fig. 3. The av er age con cen tra tions of POPs at the Arc tic sta tions over the ob ser va tion pe riod: (a) HCH, DDE, DDT iso mers;
(b) PCB iso mers; (c) PBDE iso mers.



Di ag nos tic ra tios. The di ag nos tic ra tios of the iso mers a-HCH/g-HCH, DDT/DDE and PCB con ge ners

with var i ous de gree of chlo ri na tion are widely used to iden tify the sources of POPs in flow to the en vi ron -
ment. The close ness of the val ues of di ag nos tic ra tios in the en vi ron ment to the ra tios in the sup posed
sources of in flow to the en vi ron ment (as a rule, these are tech ni cal prod ucts of pro duc ing PCB-based pes ti -
cides or in su lat ing flu ids) pro vides a ba sis for judg ing about the most prob a ble sources of in flow and about
the “age” of POPs in the en vi ron ment. 

The pos si ble sources of HCH iso mers are the tech ni cal mix of HCHs (it con tains about 60–70% of
a-HCH, 5–12% of g-HCH, and 10–15% of g-HCH [18], the the o ret i cal ra tio a-HCH/g-HCH is about 8) or
lindane (99% of g-HCH). 

The ra tios a-HCH/g-HCH cal cu lated from ob ser va tional data for the cold and warm sea sons and for the
whole year are 2.6, 4.6, and 3.4 at Amderma sta tion and 5.1, 5.5, and 5.0 at Tiksi sta tion, re spec tively (Ta -
bles 1 and 2; the me di ans of con cen tra tions for dif fer ent sea sons and for the en tire year are used for cal cu la -
tions here in af ter). These val ues are lower than the the o ret i cal ra tio in the tech ni cal mix of HCH, which may
in di cate the use of pure lindane and long-range trans port of g-HCH. At Amderma sta tion, a clear in crease in 
the ra tio a-HCH/g-HCH is ob served for the warm sea son; un like this, sea sonal vari a tions are al most not ob -
served at Tiksi sta tion (Ta bles 1 and 2). Thus, pro ceed ing from the ra tios a-HCH/g-HCH, it is pos si ble to
con clude that the sources of HCH iso mers at Amderma and Tiksi sta tions are dif fer ent. The val ues of the ra -
tios a-HCH/g-HCH ob tained in the pres ent study are close to sim i lar data from Zep pe lin and Alert po lar
sta tions in 1993–2005, that var ied from 3 to 7 and from 5 to 8 and did not ex hibit any clear trends [10].

The diagnostic ratios 4, ¢4 -DDT/4, ¢4 -DDE, 2, ¢4 -DDT/2, ¢4 -DDE, and 4, ¢4 -DDT/2, ¢4 -DDT are widely
used for organochlorine pesticides. The ratios DDT/DDE allow assessing the “age” of DDT in the environ-
ment: the increased concentrations of DDT as compared to DDE indicate the presence of the new inflow of
DDT to the environment. The ratio 4, ¢4 -DDT/2, ¢4 -DDT allows judging about the sources of DDT inflow to
the environment. In technical DDT, that is the mixture of 85% of 4, ¢4 -DDT and 15% of 2, ¢4 -DDT, the ratio
4, ¢4 -DDT/2, ¢4 -DDT is equal to ~5 [19]. One more source of DDT inflow to the environment is the pesticide
dicofol widely used in China and containing DDT as an impurity. The commercial product of dicofol
mainly contains the isomer 2, ¢4 -DDT, the ratio 4, ¢4 -DDT/2, ¢4 -DDT is much smaller than in the technical
DDT and is equal to ~0.15 [15].

The ra tios 4, ¢4 -DDT/4, ¢4 -DDE cal cu lated us ing mea sure ment data for the cold and warm sea sons and
for the year are equal to 0.96, 1.16, and 1.12, re spec tively, at Amderma sta tion and 0.63, 1.08, and 0.7 at
Tiksi sta tion. The ra tios 2, ¢4 -DDT/2, ¢4 -DDE are equal to 1.88, 4.03, and 2.52 at Amderma sta tion and 2.24,
5.20, and 3.62 at Tiksi sta tion (Ta bles 1 and 2). 

The in sig nif i cant sea sonal vari a tions in di ag nos tic ra tios may be noted for both sta tions. Their val ues in -
di cate that DDT at Amderma sta tion is “fresher” than in Tiksi. The ra tios 4, ¢4 -DDT/2, ¢4 -DDT in the cold
and warm sea sons and for the year are 1.53, 1.44, and 1.47, re spec tively, for Amderma sta tion and 1.71,
1.45, and 1.60 for Tiksi sta tion (Ta bles 1 and 2). Based on these data, it may be con cluded that the pos si ble
con tri bu tion of the “dicofol” source of DDT does not ex ceed 15–20%. The pres ence of such source in
South east Asia is con firmed in some papers [19, 20]. 

Data on the PCB lev els at Amderma and Tiksi sta tions pre sented in Ta bles 1 and 2 co in cide with mon i -
tor ing data from the for eign po lar sta tions, al though there are some es sen tial pe cu liar i ties. They con sist in
the fact that the ra tio of tri-, tetra-, and pentachlorinated iso mers at the for eign po lar sta tions is more sim i lar
to the dis tri bu tion of con ge ners in the for eign brands of pro duc tion of PCB mix tures [12]. The mass frac -
tions of tri-, tetra-, penta-, and hexachlorinated PCB con ge ners con sec u tively de crease; in ad di tion, as the
lat i tude in creases, the en rich ment with lighter tri- and tetra-chlorinated PCB con ge ners oc curs in am bi ent
air [16]. On the con trary, at Amderma and Tiksi sta tions, there are in creased con cen tra tions of tetra- and
pentachlorinated con ge ners. These data are con sis tent with the com po si tion of PCB mix tures of sovol and
sovtol brands, that were pro duced be fore on the ter ri tory of the for mer USSR. These mix tures mainly in -
cluded the heavier tetra-, penta-, and hexachlorinated con ge ners, the ra tio of mass con cen tra tions for which
is 19–21, 53–58, and 19–23%, re spec tively [2]. It should be noted that such dis tri bu tion of PCB con ge ners
in air was reg is tered over the Rus sian po lar sta tions in the 2000s [5].

Over the whole pe riod of ob ser va tions at Amderma and Tiksi sta tions, the rel a tive con tri bu tions to the
sum of con ge ners were: 21 and 9% for trichloro-PCB, 25 and 25% for tetrachloro-PCB, 43 and 49% for
pentachloro-PCB, and 11 and 17% for hexachloro-PCB, re spec tively (Ta bles 1 and 2). The re vealed dif fer -
ences in the ra tios of PCB con ge ners in di cate dif fer ent sources of their in flow; in any case, the con tri bu tion
of sec ond ary PCB sources at Tiksi sta tion is higher than at Amderma sta tion. 

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 45   No. 9  2020

664 ZAPEVALOV et al.



The com par i son of the ob tained ra tios of PCB con ge ners in the Rus sian Arc tic and at the for eign Arc tic
sta tions dem on strates that over the an a lyzed ob ser va tion pe riod (2015–2017) the con tri bu tion of tri-, tetra-,
penta-, and hexachlorinated PCB con ge ners, for ex am ple, at Zep pe lin sta tion makes up 68, 22, 6, and 5%
against 19, 24, 45, 12% and 9, 25, 49, 17% at Amderma and Tiksi sta tions, re spec tively.

The sea sonal vari a tions in the com po si tion of PCB con ge ners was man i fested only at Tiksi sta tion,
where the con tri bu tion of trichlorinated PCB con ge ners con sid er ably in creases in win ter (from 11 to 28%),
the tetrachlorinated con ge ners re main at the same level, and the con tri bu tion of penta- and hexachlorinated
ones drops from 46 to 37% and from 18 to 10%, re spec tively (Ta bles 1 and 2, Fig. 4). The ab sence of sea -
sonal vari a tions in the ra tios of PCB con ge ners at Amderma sta tion in di cates the pres ence of lo cal sources
of this group of POPs.

Air tem per a ture ef fects. Tem per a ture is one of the most im por tant fac tors that de ter mine the con cen -
tra tion of POPs in air. The de pend ence of POPs con cen tra tions on tem per a ture is used to es ti mate the con -
tri bu tion of pri mary and sec ond ary sources of their in flow. The ap proach is com mon that is based on the
rev e la tion of sta tis ti cally sig nif i cant dependences of log a rithm of POPs par tial pres sure or con cen tra tion
(gas) in am bi ent air ver sus in verse tem per a ture de scribed by the equa tion [13]:

lnCa = m/T + b

where Ca is the con cen tra tion of POPs in air; T is tem per a ture (K); m, b are the co ef fi cients of lin ear re gres -
sion. If such de pend ence is sta tis ti cally con firmed, it is as sumed that the re mis sion of POPs due to the air
tem per a ture rise (for ex am ple, evap o ra tion from the sur face) is quite sig nif i cant. 

The re sults of pro cess ing ex per i men tal data on the eval u a tion of pa ram e ters of the lin ear re gres sion
lnCa – 1/T (the examples are given in Fig. 4 and Ta ble 3) dem on strate that the dependences of ob ser va tional 
data on tem per a ture are sig nif i cant for the whole ob ser va tion pe riod, in clud ing the warm and cold sea sons
(the cal cu lated level of sig nif i cance of the accepter hy poth e sis re jec tion p < 0.05 [3]). 

The high est val ues of pa ram e ter m, that shows a de gree of in cli na tion of the re gres sion line with chang -
ing tem per a ture, at Amderma and Tiksi sta tions are ob served for 4,4-DDT (–9760 and –4830) and 2,4-DDT 
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Fig. 4. The dependences of logarithms of POPs concentration (pg/m3) (gas + aerosol) versus inverse temperature (K)
lnCa = m/T + b over the observation period of 2015–2017 for (a, c, e) Amderma and (b, d, f) Tiksi stations. (a, b; 1)
2,4-DDE and (2) 4, ¢4 -DDE; (c, d; 3) 2,4-DDT and (4) 4, ¢4 -DDT; (e, f; 5) PCB-101 and (6) PCB-105.



(–7820  and 6570) (Ta ble 3). In the au thors’ opin ion, this re sult dem on strates an in creased role of sec ond -
ary of DDT on the global scale due to the pro hi bi tion of DDT in the 1970s. At Amderma sta tion, the tem -
per a ture de pend ence of the con cen tra tion of PCB-52, -101, -105, -118, -138, and -153 is pro nounced about
two times stron ger than at Tiksi sta tion (the pa ram e ter m var ies in the range from –6170 to –4890 and from
–3610 to –2100, re spec tively) (Ta ble 3). A dif fer ence in the dependences may be caused by dif fer ent con -
tri bu tions of lo cal and global sources of PCB in flow to air. 

A num ber of other po ten tially dan ger ous groups of organo chlorine com pounds were quan ti fied in the air 
sam ples. Toxic con ge ners of toxaphene (polychloropinene), that was widely used in the USSR in the
1960s–1980s, were reg is tered at Amderma and Tiksi sta tions at the fol low ing lev els: 0.52 and 0.1 pg/m3 for 
TOX-26, 0.47 and <0.01 pg/m3 for TOX-50. 

The pes ti cides were de tected that have not been used be fore on the ter ri tory of the USSR and Rus sia.
The av er age con cen tra tions of such sub stances over the ob ser va tion pe riod at Amderma and Tiksi sta tions
were 0.57 and 0.31 pg/m3 for cis-chlordane, 0.57 and 0.29 pg/m3 for trans-chlordane, 0.26 and 0.03 pg/m3

for cis-nonachlor, 0.62 and 0.29 pg/m3 for trans-nonachlor, 0.3 and 0.19 pg/m3 for oxychlordane. 
The toxic com pounds whose ob ser va tions have not been pre vi ously con ducted in the Rus sian Arc tic

were also de tected at Amderma and Tiksi sta tions: the con cen tra tions of octachlorostyrene and penta-
chloroanisole were equal to 1.48 and 0.45 pg/m3 and 1.63 and 1.14 pg/m3, re spec tively. 

For the above groups of organo chlorine com pounds, the con cen tra tions in air over Tiksi sta tion were
2–5 times lower than in Amderma.

CON CLU SIONS

The con cen tra tions of per sis tent or ganic pol lut ants in the at mo sphere over the Rus sian Arc tic are
formed un der the in flu ence of the global and re gional trans port and are gen er ally com pa ra ble to mon i tor ing
data from the for eign Arc tic sta tions. In the east ern part of the Rus sian Arc tic (Tiksi sta tion), the con cen tra -
tions of POPs dur ing the ob ser va tion pe riod of 2015–2017 are 2–5 times lower than in the west ern part
(Amderma sta tion).

All groups of organo chlorine pes ti cides listed in the an nexes to the Stock holm Con ven tion on POPs are
iden ti fied in the at mo sphere over the Rus sian Arc tic, in clud ing those that are not used or not pro duced in
the Rus sian Fed er a tion or the for mer USSR.
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Ta ble 3. The sta tis ti cal pa ram e ters of the lin ear re gres sion for the de pend ence of log a rithms of POPs con cen tra tion
(gas + aerosol) ver sus in verse tem per a ture 

POP
Amderma  (n = 41) Tiksi (n = 24)

m r2 p m r2 p

HCB
a-HCH
b-HCH
g-HCH
2,4-DDE
4, ¢4 -DDE
2,4-DDT
4, ¢4 -DDT
PCB-28/PCB-31
PCB-52
PCB-101
PCB-105
PCB-118
PCB-138
PCB-153

890
–1670
–1720
–3000
–3970
–5340
–7820
–9760
–2230
–5240
–6120
–6170
–5620
–4890
–5900

0.07
0.14
0.06
0.12
0.24
0.50
0.36
0.35
0.07
0.36
0.40
0.40
0.32
0.24
0.24

0.090
0.018
0.148
0.031

<0.001
<0.001
<0.001
<0.001

0.091
<0.001
<0.001
<0.001
<0.001

0.002
<0.001

630
–2540
–3180
–2530
–2070
–2970
–6570
–4830
–3380
–2270
–2970
–3610
–2730
–2230
–2100

0.03
0.52
0.15
0.27
0.08
0.21
0.55
0.35
0.24
0.26
0.44
0.34
0.35
0.19
0.20

0.400
0.01

0.064
0.01

0.170
0.025

<0.001
0.002
0.019
0.010

<0.001
0.004
0.002
0.030
0.025

Note: m is the co ef fi cient of lin ear re gres sion; r2 is the co ef fi cient of de ter mi na tion; p is cal cu lated level of sta tis ti cal
sig nif i cance. The val ues with con firmed sta tis ti cal sig nif i cance are bolded.



The sea sonal vari a tions in the con cen tra tions of POPs in air over the Rus sian Arc tic are clearly ob served 
for such groups of com pounds as organo chlorine pes ti cides and polychlorinated bi phen yls. Among the
most sig nif i cant fac tors that de ter mine the sea sonal vari a tions in POPs con cen tra tions in air over the Rus -
sian Arc tic, it is nec es sary to note a change in the global air mass cir cu la tion in the North ern Hemi sphere in
sum mer and win ter and an in crease in the emis sion of organo chlorine pes ti cides due to the sea sonal ap pli -
ca tion of pes ti cides in South and South-East Asia.

The con cen tra tions of POPs in air over the Rus sian Arc tic are de ter mined by the in flow from pri mary
and sec ond ary sources. The con tri bu tion of the sec ond ary sources of POPs is con firmed by the sta tis ti cally
sig nif i cant de pend ence of POPs con cen tra tions on tem per a ture.

An ef fect of cur rent cli mate changes is the re dis tri bu tion of ac cu mu lated stocks of POPs in ad ja cent nat -
u ral en vi ron ments; in view of this, the sys tem atic mon i tor ing of POPs in the Rus sian Arc tic and the rev e la -
tion of data re la tions to chang ing me te o ro log i cal fac tors are re quired.
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