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Appendix
T1
More than 6.3 million tons have been accumulated in the dumps of the spent Kurdai uranium deposit (Zhambyl region), which was operated in 1954-1965. m3 of uranium-containing waste [17]. At the same time, due to the reclamation of the territory carried out in 2005 with the overlap of surface sediments with the 1st layer of clay material, the exposure dose rate of gamma radiation at a height of 1 m is estimated as 0.14-0.95 mSv/hour. However, the specific activities of uranium and its radioactive decay products in the soils of the adjacent territory are significantly increased and reach 400 Bq/kg, 430 Bq/kg, 690 Bq/kg, respectively, for 238U, 232Th and 226Ra [15] with global average clarks in soils of 35 Bq/kg, 30 Bq/kg, 35 Bq/kg, respectively [20]. The volume specific activity of 222Rn passing from soils into the surface layer of the atmosphere is 20-90 Bq/m3 in open areas and 130-1300 Bq/m3 in houses of the village of Muzbel nearest to the deposit [17], while the average concentration estimates of 222Rn for residential buildings in the Republic of Kazakhstan do not exceed 10 Bq/m3 [20]. It is characteristic that the halos of soil pollution are complex – environmental risks arise in connection with man-made scattering of not only radionuclides in soils, but also such HM as As (up to 53 mg/kg), Cd (up to 1 mg/kg), Pb (up to 70 mg/kg), Cu (up to 91 mg/kg), Ni (up to 54 mg/kg), Cr (up to 66 mg/kg), Mo (up to 102 mg/kg). At the same time, a combined study of the content of radionuclides and HM in soils, plants, surface and groundwater of the territory reveals a high water migration ability and biological accessibility of elements of the geochemical association 234,238U - 226Ra – Cd – As – Ni against the background of relative immobilization of Pb, Cu and Cr compounds in soils.


Приложение
Т1
На отвалах отработанного Курдайского уранового месторождения (Жамбылская область), которое эксплуатировалось в 1954-1965 гг., накоплено более 6.3 млн. м3 уран-содержащих отходов [17]. При этом благодаря проведенной в 2005 г. рекультивации территории с перекрытием поверхностных отложений 1-м слоем глинистого материала, МЭДГИ на высоте 1 м оценивается как 0.14-0.95 мкЗв/час. Однако удельные активности урана и продуктов его радиоактивного распада в почвах примыкающей территории существенно повышены и достигают для 238U, 232Th и 226Ra соответственно 400 Бк/кг, 430 Бк/кг, 690 Бк/кг [15] при среднемировых кларках в почвах 35 Бк/кг, 30 Бк/кг, 35 Бк/кг, соответственно [20]. Объемные удельные активности 222Rn, переходящего из почв в приземный слой атмосферы, составляют 20-90 Бк/м3 на открытой местности и 130-1300 Бк/м3 в домах ближайшего к месторождению села Музбель [17], в то время как средние оценки концентрации 222Rn для жилых домов в РК не превышают 10 Бк/м3 [20]. Характерно, что ореолы загрязнения почв являются комплексными – экологические риски возникают в связи с техногенным рассеянием в почвах не только радионуклидов, но и таких ТМ как As (до 53 мг/кг), Cd (до 1 мг/кг), Pb (до 70 мг/кг), Cu (до 91 мг/кг), Ni (до 54 мг/кг), Cr (до 66 мг/кг), Mo (до 102 мг/кг). При этом сопряженное исследование содержания радионуклидов и ТМ в почвах, растениях, поверхностных и подземных водах территории выявляет высокую водно-миграционную способность и биологическую доступность элементов геохимической ассоциации 234,238U – 226Ra – Cd – As – Ni на фоне относительной иммобилизации в почвах соединений Pb, Cu и Cr.

Table S1. HM content in soils of a number of cities of the Republic of Kazakhstan (based on a review of publications)
Таблица S1. Содержание ТМ в почвах ряда городов РК (на основе обзора публикаций) 
	The name of the settlement and the population
	Number of sampling points
	soil type by [9] / [8]
	Heavy metals and their content in soils, mg/kg

	
	
	
	Cr
	Ni
	Cu
	Zn
	Cd
	Pb

	MPC, mg/kg [7]
	6
	4
	33
	55
	0,05
	32

	Almaty, 2 228 715
	16 [12]
8 [26]
	chernozems, foothill dark chestnut, chestnut, meadow chestnut, meadow gray / Endosalic Kastanozems, Kastanozems Gleyic, Kastanozems Chromic, Haplic Kastanozems
	51,65 [12]
	9,85d-12,87e [26]
	–
	160,9 [12]
77,72f-93,50g [26]
	12-18 [12]
2,33h-2,39i [26]
	2,1-33,1b [10]

	
	
	
	
	
	
	
	
	

	Shymkent, 1 222 055
	–
	gray, takyric and gray-red-brown / Greyic, Takyric Greyic 
	
	–
	–
	–
	32 [12]
	37 [25],
441,9 [16],
6400-48000 [18]

	
	
	
	
	
	
	
	
	

	Ust-Kamenogorsk, 354 770
	2 [23]
	haplic and gleyic chernozems [23] / Haplic and Gleyic Chernozems
	–
	–
	87,9-856,3 [23]
	625,3-2406,3[23]
	3,8l [12]-27,4k [23]
	187,2-1347,7 [23]
3870а [26]

	
	
	
	
	
	
	
	
	

	Balkhash, 73 450
	–
	desert grey-brown / Gypsisols
	–
	–
	137,9 [16]
	178 [16]
	8,9 [16]
	560,5 [16]

	
	
	
	
	
	
	
	
	

	Kentau, 74 671
	9 [5]
11 [13]
	mountain gray lands [13] / Greyzemic Umbrisols
	–
	–
	–
78-580 [5]
82,5 [13]
	120-920 [3]
256-3422 [5]
192-592 [13]
	–
–
1,651 [13]
	86-518 [3]
257-1742 [5]
147-462 [13]


Note. Location of points and date of soil sampling: a) 1 km from the KazZinka facilities in Ust-Kamenogorsk; b) gas station; d) intersection of Tole Bi Avenue and Rozybakiev Street: 43°15'02"N 76°53'19 E, VI.2015; e) intersection of Abai Avenue and Maulenov Street: 43°14'30"N 76°56'10 E, XI.2015; f) intersection of Al-Farabi Avenue and Zharokov Avenue (Kazakhfilm district): 43°11'52"N 76°54'01 E, XI.2015; g) intersection of Ryskulov Avenue and Zhansugurov Street: 43°17’26" s.w. 76°56’13 v.d., VI.2015; i) upper h/w to Kaskelen (near the village of Dolan): 43°09’58"N 76°40’40 E, XI.2015; k) a residential area 1.5 km from the metallurgical plant; l) at a distance of more than 2 km from the plant

Таблица S2. Предельно-допустимые концентрации химических веществ в почвах РК [7]
Table S2. Maximum permissible concentrations of chemicals in the soils of the Republic of Kazakhstan [7]
	№
	name of the substance
	MPC (mg/kg) of the soil, taking into account the background (Clark)
	limiting indicator

	movable form

	1
	cobalt
	5,0
	general sanitary

	2
	fluorine
	2,8
	translocation

	3
	chromium
	6,0
	general sanitary

	water-soluble form

	4
	fluoro
	10,0
	translocation

	5
	benz(a)pyrene
	0,02
	general sanitary

	6
	xylenes (ortho-, meta-, para)
	0,3
	translocation

	gross shape

	7
	arsenic
	2,0
	translocation

	8
	ofu
	3000,0
	water and general sanitary

	9
	mercury
	2,1
	translocation

	10
	lead
	32,0
	general sanitary

	11
	lead + mercury
	20,0 + 1,0
	translocation

	12
	elemental sulfur
	160,0
	general sanitary

	
	hydrogen sulfide
	0,4
	Air

	
	sulfuric acid
	160,0
	general sanitary

	13
	styrene
	0,1
	Air

	14
	formaldehyde
	7,0
	-"-

	15
	potassium chloride
	560,0
	Water



Table S3. MPC of the Republic of Kazakhstan and the actual average values of clarks of a number of Heavy Metals registered in cities of Kazakhstan (by population) (according to [1])
Таблица S3. ПДК РК и фактические осреднённые значения кларков ряда тяжёлых металлов, зарегистрированные в городах Казахстана (по численности населения) (по данным [1])
	Heavy metals
	Cr
	Cu
	Zn
	Cd
	Pb

	MPC for Kazakhstan, mg/kg (form)
	6 *
	3 *
	23 *
	0,5
	32 **

	population / localities
	80
	39
	158
	0,9
	54,5

	>700,000 / Almaty
	82,7
	55,1
	201,1
	2,9
	66,2

	300-700 000 / Aktobe, Astana, Karaganda, Kostanay, Pavlodar, Semey, Taraz, Uskaman, Shymkent
	55
	30,1
	115,8
	0,8
	45,6

	100-300 000 / Aktau, Atyrau, Kyzylorda, Pavlodar, Petropavlovsk, Taldykorgan, Temirtau, Uralsk
	42,2
	28,1
	99,5
	0,5
	43,4

	<100,000 / Almaty region, Military, Karaganda region, Taldykurgan region
	81,5
	28,2
	92,4
	1,4
	39,5

	Village
	52,8
	34,7
	97,7
	0,2
	22,7


Note. * - mobile; ** - gross

Table S4. Radionuclide contamination of the soil cover of the territory of the Republic of Kazakhstan
Таблица S4. Радионуклидное загрязнение почвенного покрова территории РК
	Territory
	Soil types
	Pollution level
	Source of pollution, year

	
	[9]
	[8]
	
	

	Koshkar-Ata tailings dump (Mangystau region) [14]
	tailings dumps
	Technosols
	41598.5*1010 Bq
	uranium production

	
	
	
	800 Bq/kg
	226Ra

	Semipalatinsk Test Site (STS) [6]
	Solonets are automorphic
Chestnut / Light Chestnut
Light Chestnut salty
Floodplain meadows
	Haplic Solonetz Albic
Haplic Kastanozems Chromic
Haplic Kastanozems Sodic
Umbric Fluvisols Oxyaquic
	18.5 ГBq/km2
	137Cs, 1992

	Dolon village, ≈ 100 km to the West; village Kainar, ≈ 160 km to the left of the STS [6]
	Floodplain meadows
Dark Chestnut
	Umbric Fluvisols Oxyaquic
Haplic Kastanozems Chromic
	11 GBq/km2
	

	Saryzhal village, ≈ 120 km south of the STS [6]
	Light chestnuts
	Haplic Kastanozems Chromic
	15 GBq/km2
	

	Karaaul village ≈ 195 km south of the STS [6]
	Light chestnuts
	Haplic Kastanozems Chromic
	13.7 kBq/м2
	

	Shu River, province of the Shu-Sarysu uranium deposit [15]
	Floodplain meadows
Meadow-marsh
	Umbric Fluvisols Oxyaquic
Haplic Gleysols Dystric
	190-990 Bq/kg 
	40К*, 2011

	
	
	
	24-63 Bq/kg 
	226Ra* 2011

	
	
	
	29-68 Bq/kg 
	228Ra*, 2011

	Almaty-Semey railway station (STS) 46 sites [24] to the East and South-east
	1000-3000 Bq/m2
	2000-2001

	Almaty-Semey h/w (0-10) sections to the South-east and South [24]
	Light chestnuts
	Haplic Kastanozems Chromic
	3192 Bq/m2 / 34 Bq/kg
	137Cs, 2000

	Taldy Kurgan-Taskesken h/w (0-10) = 550 km to the Southeast [24]
	Light chestnuts
Chestnuts
	Haplic Kastanozems Chromic
	3447 Bq/m2 / 30 Bq/kg
	137Cs, 2000

	Taldy Kurgan-Taskesken h/w (0-30) [24]
	
	
	7120 Bq/m2
	137Cs, 2000

	Bakhty (0-10) [24]
	Brown
	Endosalic Calcisols Yermic
	3498 Bq/m2 / 32.6 Bq/kg
	137Cs, 2000

	Makhanshy-Bakhty h/w (0-28) [24]
	Light Serozems
	Greyic Phaeozems Albic
	4666 Bq/m2 / 15 Bq/kg
	137Cs, 2000

	Urjar (0-10) [24]
	Meadow Chestnuts
	Gleyic Kastanozems Chromic
	5021 Bq/m2 / 36.6 Bq/kg
	137Cs, 2000

	Urjar (0-30) [24]
	
	
	3554 Bq/m2 / 9.6 Bq/kg
	137Cs, 2001

	Taskesken (0-10) [24]
	Chestnuts
	Haplic Kastanozems Chromic
	3473 Bq/m2 / 28.6 Bq/kg
	137Cs, 2000

	Ayagoz-Georgievka h/w (0-10) [24]
	Light Chestnuts salty
	Haplic Kastanozems Sodic
	3331 Bq/m2 / 25.3 Bq/kg
	137Cs, 2000

	Georgievka (0-30) [24]
	Chestnuts
	Haplic Kastanozems Chromic
	3139 Bq/m2 / 8.6 Bq/kg
	137Cs, 2000

	Ayagoz-Georgievka h/w (0-10) [24]
	Light Chestnuts, Chestnuts
	Haplic Kastanozems Chromic
	297.8 Bq/m2
	239,240Pu, 2000

	Ayagoz-Georgievka h/w (0-30) [24]
	
	
	216.1 Bq/m2
	239,240Pu, 2001

	Georgievka (0-10) [24]
	Chestnuts
	Haplic Kastanozems Chromic
	308.3 Bq/m2
	239,240Pu, 2000

	Georgievka (0-30) [24]
	
	
	677.1 Bq/m2
	239,240Pu, 2000

	Kokpekti (0-10) [24]
	Dark Chestnuts
	Haplic Kastanozems Chromic
	234.8 Bq/m2
	239,240Pu, 2000


Note. STS – Semipalatinsk test site; * - Gamma–emitting radionuclides; h/w – highway; (0-10), (0-28), (0-30) – The depth of the soil sample, cm.



Table S5. Costs of soil erosion in monetary terms for the Republic of Kazakhstan, a number of other countries and the world as a whole
Таблица S5. Издержки от эрозии почв в денежном эквиваленте для РК, ряда других стран и в целом в мире.
	Country
	Damage, billion US dollars/year

	Kazakhstan 
	0.8 [11]

	Russia
	9.7 [4]

	Canada
	3.0 [21]

	USA
	44.0 [19, 22]

	in the world
	400.0 [2]
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