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Abstract; Cobalt is an essential trace element for humans, animals and plants, but excessive cobalt in soil environ-
ment is harmful to them when accumulating in their bodies through soil-grain/vegetable-human and animal chains.
It is thus necessary to determine the concentration of cobalt in soil, and cobalt should be included as a priority pa-
rameter for monitoring and control. However, there is no specific evaluation system for cobalt pollution in soil in
China, which could lead to ineffective evaluation and control of the cobalt concentration in soil, and thereby bring
health risks to the soil, humans, animals and plants. This paper summarized the domestic and foreign literature data
from the past two decades, concerning the characteristics of cobalt, its application, morphology, concentration, tox-
icity and evaluation methods, and pointed out the problems existing in the current risk evaluation system for cobalt
pollution in soil and the perspectives for future research.
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FKETE2014 4 A 17 HAG (R 55
JOIRBLIA A A ) (LUT TIFR R (A4 g 1 4%
IRBEIR LR AN ZE SR N T A DG 2 38 2% B 52 bR
5 YR GL AT B L Al A B8 ™ 8 A Tl Ak
i 35t B8 b b A 8 S ACIR D0 B ik H 40P B
TR TS YRR B AN WIS, B e AR A
NIE RIS T KL 4 | b 5 PR ] B IX 5
SR RJENREERC R T E LY, AT
P A HEPRITE T Y (] 0, B A 4 BR - HEULAZ O ¢ 4
AT IR A T HEAT A BR A PR A Bl A R e, B
GE RN - e 4 < R HHEE " AR T T
RS - S A A RN - SR B A PR A T R s
YeRAE WG 38 5875 Y o A BLAE | B R A 2
PR PTAE R3S Y h T A R TS Y
JESE— TERZEEE T, AT 58 5% 8T
B BRETIFR T RE VST, A st i
B2 AR B 5 T5 I T R 2 — (A SR
4G e B 5% AR ) 1 AR K R B Ol 2 A2 B E
FO ] HTRIHR BE (%)l T A ] A b 52 ) AR X2k
FARIE ML H (A R A & B R T RE AT
PR — 7 T PR T Sl 0 A W A PR T R TS
il BE LA POy Uk A B 0 85 vp 4+ 54 1
R A AR, I — O TR 0 A 5 R R
W TEK AT kA B, AR
(T HEA A R AE) (GB 15618—1995) HL %A 13
B AR 2016 4E 3 H 10 H G- ERR L
JTER & 1 A FH b - S8R5 I3t s o (= R R R DL
)Y AT BHEL B8 [20161455 534 h0 T % + 345 &
AL (BAE S B Z2 AR B IR Al SO T
FEFRbRZ — ; A R B UL B I8 A (385 Y KRS
B hRAE H U Hh A 39T Y XU O 56 1B (A T) (FiF
KRB DLRR)Y , 152 FH M = 398355 e XU s 2 {1 FEL A0 %
BT - 0 S e BRAE Pt RT UL B AR 10
Won R, & m A m T 5 @ AR
WEAEAE DX 5 48, 3815 Y BUIR 350 B0 FA
TR R SR ey, A7 B AT R G 5E 5 IEAR
HIHAR SCLER T 1989 % 2018 4EA Kokl e - HEFIFE
W ZR G0 v 0 10 7% 2 A B LA R RURS: PP RIS AR
FEAEIRNR, DAL [RIAT 278 A8 5 0 38T e UK 4
PSR

1 AT EmIkFE =R E N A ( Geochemical
background of cobalt and its application)

Hi(Coyn R m TouR AR R IIB Wiy 2k &

JUE AU RN, BVA-1.0 41 42 43 +4 +5
X7 RN, Co™ SR H WA A Bk 207 KA
BRAER AL P S AR ARl A eh A R LA
e A AL T AR UL
BREL T FUDBEER 0, JF S8R BRI SRR R
CLR I B9 46 WS IR R 2076 110 3 | 350 26 4565 5 k3
IR T, AR KR A R B AL R AR T AT
T BB, Bl AE 52 v 0 F 3 E R 0.002% , £
NGy R ks o N i I F ¢ i A P s w1}
oA K AW s BE RS 0.0001% |
0.0035% .0.0019% .0.00001% .0.00003% . FEAti%,
MOX B ] 5 1 1 2 A, R AR A A KU R
B E AR FR 48>l 80 000 M 0] i i 16 R MV
7 400 Wi RS A RRAE N TSR &8 22 700 1 /N
H ARG IR

BRIz, O O RO 8 R A 7 i iR
JEE TR v I R ek A 4 1 R JRURE, T R T o
SR BN I A8 T8 R 4R AL 7, T4 H i A 2
FEL TG0 70 H FL Y , 3 AR AT R A2 n T i fi e s5)
i REp IR B R c S N R ik N R RE S I DN
BURE REMERA BN K RERG %) (Tt B AR (REE 5 5 4 1)
HI TR A 45 PRG3R 7™ A %) 1 ek 2 v
G SRRV B AT G 4 R MR AL
FIVEURR A BRI ), IR E 2004 425
2016 494N B BT (L2 1) S 3R I T AP R Al 9%
SAEARE (LI 1)k &l a3 R, B RS #T
BETRVA T TR U S | AR AT 2 A% B R 2B TE R
AL HTRER VR E A th i 2 LT, X — %
Jr (AR Ak T M AR BT R TR R 4 5 SR 398 D Bk X
Eh T SRIE B Sh RS, I, dr A (IS
e B AL (] R ] AL 60

AT RN, RS VR A% O TR B 4 A4 2R BI2
(UM B 28) J2: A W A S T i /0 i Bl 5 R
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M — & S B ITTR YR R & — ) — Fh 5 22
J 38 53 W ) (P U5 BRL 1) 35 B A BB A W 1Y 4 A=
R E AR A BT RE R S 5 L A
JL, 7 b B B LR R 28 A7 BIER R A AR
Fi 4 A & BI2 HRE A A R, B A
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Fig. 1 Changes in total consumption of cobalt in China

from 2004 to 2017
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Table 1 Comparison of the consumption structure
of cobalt in China between 2004 and 2016

2004 4RI 2016 4E02)
(i8] [12-13]
T 25450, In 2004 In 2016
Consumption yygein Wil A H%
area Cobalt Proportion Cobalt Proportion
content/t 1% content/t /%
ER(i]
4000 ~4 500 50+ 35420 78
Battery
W54
. 1000~1500 125+ 2 760 7
Carbide
P
) 1 000 125+ 1 380 4
Ceramic glass
A
] ) 1 000+ 125+ 1 840 4
Magnetic material
[ Rl
1 380 3
Superalloy
" 800+ 10+
HEAL
1 380 3
Catalyst
Fofl
250 ~300 3+ 1 840 1
Others
it
8 050 ~9 050 46 000
Total

Yook = 4e/E R B12 TR BRI AR KK
FHI B BLR B0 B 2 B Y L R 21 40
ML, AL R S Y B A R G, 4R BI2
BRAE A A: Z USRI A1, ik F T2 i 2 ), ik
77 QU BT N A I DO R I R L TN W

AR, AT T DA | 1011045 B 5 BT R Ak
Yy FITE A IR

P I R AL, DRURS F8 £ A B 2 R A S N
RS BEA LSRG, 47 dh 9 R R 2 8L
Bt ABIIREE b 23 A I e, I
SRR A A M ER AT (AT EE AL

2 TEHRH & E R HFERS (Distribution
range of cobalt content in soil and its speciation)

(P e TR T R (b I BRI
1990) 7F 1982 4F 4 3 i & (i SL i -, fE e EECT
4 094 A HIEREA I3 A TR 4 0 Al Y
LI 0.01 ~93.9 mg-kg™ , AHCT-HIE AL
5094 12.7 mg-kg" F1 11.7 mg-kg™ , Her £y 95%
By s S EIER o 4 ~312 mg-kg™, FRE L
Herh gk O EAE MR PE R A FLAE L AR A,
PRI N 4 Al 7 i DA 1] A6 DR [ 5 A R T
e, Al & Bl 5 U O iR O R R R,
eI AR MR /INE AR B, BAAROR UL, b7 I R
HABE /N, KR53 8 & 1 7E 12 ~ 35 mg kg
Z 1] B 7 RS AR B, MR 21 200 mg - kg™, I
PRI 27 3 R BT —, L oTR
B B B R B SRR RS AR R 4 R
A IEP AR S R S REEAIRRKER, ~RAFE
R REME O AN Jo AR I (AN SRR o RO
IS A5) +HEA & BRI 100 ~200 mg-kg!, T
BN JORCA AN L ROA L s IERKCA 55 B
RS AN 30 ~45 mg-kg P, HHERS A RS —
TS L IERIAT O % L HE O A IR >
ZLb UKAE L L0 R RO AR R A
(R o N A= TR S S TR Sy #i 3 S
Chary SFP7 HGHR T 15K EE 1406 5 R AR L3 bk &
HORDL , R IR # =54 1 2 ~4 f%,

PR HAN 4 Jm 7 T P R AE R S — A
EHAE S A K W AR AR Tessier T 2P $2 B 43
IRl ]SSR IRIRER 255 Ak k- A
EE &858 A PLBES & BRI S H™ .
SCHR P iR IE 25 MO S A I DUOR R (W3R 2), — &
SRRV A R A TR L i AR AR R A
WA AHLE BB SRR S &
AR o HABTFEHE -3 bl 435 1 5 P Ak
Pyr) o i Ay ARG
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3 MELTEMEMERESZ PN IR (Cobalt
transportation and transformation between soil and
plants system )
3.1 FEmETEAERNE R
AMEESHEA RS 2 iE B T A e TUNE
B RACAEE IR ST R, B P 1k Sy oA
AT RS o 18R T8 A R A 38 Bl ) i A% 1
s, EEREE A BRI I B R A A s DA
S g R R A SRV W, FE T T BE R A ) 1A
W AT UL - 558 0 W2 B e 7 Xh4h i B vk B d Y
el RS A0 e - B Y T 2 R 4, B o RS
W) KGR SE ALY BT B, PR IHORS 5
e AN B 4 S B M A B Y S B | 22
AR 5038 o o) G ] 32 T b e - X0l ) O e 512
09 TS W Al R o 75 ) 2 PR B G 1 2R
B 45 F B RE SRR, o R B/ IME U < 5 i 41>
DU 2 1> e >R B 53 80 A LI & 4
W o — e b O Al A R B2 6 T2 ) i
B B2 119 75 T, L3320 3 v A R A R 2 R
K, Ol FL A A B 1) e T BT O SO 7 W R
JRES N ZR PR Bl A B R ERIESE T KR
WA RIS X il 18 R o e B AT — o 1) BTk
DR R, 131 5 IR 4R
B JE 2R AL & i A TSR O TR IR T
T KIS SRR S G A ESBAR
RImT Rk, # ke K™, I3 Ab, 32 He 25 4l W] g

B pH Y TR INC . P AL 4 & B AR R R
SR DRI ROl, A LA S S RS L
BLTE I 7 1 BE AH SR ) B SRS T 5 o0 B
AR A Wy T RSk e 8% 2 PR ik i Ay
BT AETRER T RS SRR ZEER, A
BT B S YRS 0 U
3.2 AHPIXF R I

AN TRV RE ) W M4y 1) E T AR T, ol 4 1 ' B 46 4
FE0.01 ~0.15 i A58 70 A7 0 1A N 1) 5 Y TR — i
IR ] 100 mg-kg ' ANEE, 3 ) 2 AL 15 R 04
(ISR T34 1 000 mg - kg '8, 28 K 7S 2500 o gip 4%
= 0 BT A A Y A A B 0w AR E A B4
KR AEY h G & AN 0.5 mg-kg '™, AHY A
PR B SAEY AN S | L SRR A S5 R 5 %
PIARSG AN [ R AE ) 1) &5 B i AN Tm] | [R]ARAE ) AN [
M ARTEEFR LA —E 2R R Rk A
HEY) AR S A | AR A S i
J30.1 mg-kg'(DW).0.25 mg-kg' (DW).0.18 mg-
kg'(DW).0.19 mg-kg" (DW)?! [l 5842 38 TRl
RASFHE YA PRl ) 7 i DA s I 43 Sl 2 R 2 >
REFSER>RAB SRR, 1255145 G R
Y B &5 EN 028 ~1.31 mg-kg (DW), RAFHHE
Y& i 008 ~0.26 mg-kg (DW), LA Rl Mo
SR 0.1 ~0.5 mg-kg (DW),

DT B 4 T 1) W SCATL f AF 9 26 B, —RBIA
e 4 B4 A0 LA IR KRN K 2 A Y B Ak

*2 TEPHEOESMESEN
Table 2 Cobalt speciation and combinations in soil

o A 1 L A
HiIE S L RE ey N )
o The percentage accounting for
Cobalt form The binding patterns of cobalt ) .
the total cobalt in the soil
St TR A OO e 5 o3 eg
~J. 0
Exchange state Cobalt ions adsorb on the surface of soil particles, etc??”!
BAR A A B 5 B AL A A P

Fe-Mn oxide form

A EE

Organic-bound form

RERERSS &35
Carbonate-bound form

Residual state

Cobalt ions combine with Fe-Mn oxides?”!
Co*" 8, CoCO; il CoS 7£ 8t )2 L 2
(pH 7 6 ~9 WA LI J5 HL 3 (Eh)#-300 ~ +800 mV)P]
Co?" or CoCO; and CoS accumulate in the humus layer
(when pH is 6-9, electric potential (Eh) is from -300 to +800 mV)®!
TERRTRE 4 TR A LTSS 5 35 (CoCO,)P!
Coprecipitation binding state formed on carbonate minerals!®!

B B FAERERRER JRAE AR A W55 L s N B

Cobalt ions are found in soil lattices of silicates, primary and secondary minerals®*!

14% ~50% B

VSR &AL
Slightly inferior to

manganese oxides!

e
Very few!!
50% L) 1251
More than 50% %2
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TRY ST R RR L R ER UTE , B 15 A0 R 4
AP P HOE AR AR &8, Espinoza
SN HE RS e — A BRI 2 sh e A i
T2, AP AR S 10 T VA A A LA ) 25 1 1 F AR
A, A S VR TP AN AR W B B 4 Y Y B R
YEFR R R TH 7 BAR 0 £ b, YR AR R
W 4 22 T b R A AT A AR R, A
FERE ) A NG 9 43 A — R Bl R 3 4 > b
Gy B EURVEWI R D9 43 A — B AR > 25 1 >58 > ff
KB EA A W 22 S T H b 7 5 B 1 e
FIRIE, FEAEAED) A28 BB & o it 2 17
TE—E 2252 3 FiR).,

4 $HHFEHEREREREIRAE ( The toxicity of co-
balt and its environmental quality standards)
4.1 B MR XU 51T Al b

TIEPIE R SRS A K EE, g
ZRPE UEY GRHE ) Y EAE R (E R A
SR A K 2 B L R b 2 BB
HEANMPY RSO W0 28 58 55 38 s ™) 3ok
o TR P AR T4 0 WL R D AR AR PR AR e e i 74
REIM™Y AR R SR A OC BRI 4
AR, 3XATY 2 — > EEIR AT AR A 5
FHECN LB ER, il #EK S L hahk
JE4 03 mg- kg B A K AU ™ 5.9% , - RN
10 mg kg B AT K FE U™ 11.0% , 4 10.0 mg-
kg B8 97.9% B - HEES W P RS Sl 010
~027 mg-L" 100 mg-L" . 5.90 mg-L" K, 7] 535
XFPULLAS SRR | B R 7 AR, A N 10
mg- LI AR AE Y FE TP T o — 22 0
ISR KT 20 mg kg B A S W AN H oK IE
WK RE, B EARRE SR A 13485 1
LA FRMESR AN R 22 0 R (3 4 Frow), T
H H AR LA 1 A R AT BRAEE .

SEBR AR R AR 4w — A AR R
A B AR RER AR W BT SR T, DR A B AR
VEV Y22 4 BRAB R S A T35 4 398 op Y 4l 1) 22 42 R
(8L, I PFEI LAVEY) AT B R 5 £ T AR A
e R 2 25 (R L3 b is Y W Y Wk 2 O
o - B HE AR 0 i 1 RS R E S
PRAP A RN DRAP 1) G52 75 T 1 L 38 i (L
1 8, 32 IS DXl P SR A X A S8 Al ) 4 [ 4
Nk 97 mg kg  AHN AR E N 1.7 mg-kg” . Ka-
pustka ZECIIFSEET NS SAE AR KA B S RORETERL

R3 AEAEVEIFZEHNISENH
Table 3 Distribution of cobalt content in various

organs of different plants

; . SCHRLE AR
LELY/EL RS B EE ST
. o . . Sources of
Plant species  Distribution of cobalt in various organs )
literature
SN N> > 25> b
52
Winter wheat Leaf>Glume>Stem>Grain B2]
. 52> L (32 D)
- Root>Stem>Other parts [53]
Broad bean .
(bean pod, grain)
YN FR>ZE>
[36]
Cucumber Root>Stem>Leaf
kg W - - Bk -
Rice Root>Straw>Rice husk>Brown rice
e BRI e i A
Wheat root>Wheat straw> [36]
Wheat
Wheat hull>Wheat grain
+8 s>
[54]
Potato Root>Leaf>Stem
¥ H>nt>2
[54]
Cabbage Root>Leaf>Stem
TEMR3E FR>H>25 [54]
Cauliflower Root>Leaf>Stem
i FR> >8> 21 5 [54]
Tomato Root>Leaf>Stem>Fruit

x4 EENTFIERHRENREER
Table 4 National standard values for cobalt

concentration in soil

¥ /(mg -kg™)

P e 3] )
Concentration
Country Type
Amg-kg")
" Y R
Al =
Target value of 2054
Netherlands .
cobalt in soil
Y= ;}'1_ﬁ 7
_ 5+ 5ede S
Guideline values of 3064
Sweden
contaminated soil
210} 3 3 PR AR (R .
60 ~11064

India Limited standard value of soil

A IR EEOEFLSIY) 2308k H EPA)

ES
. Ecological screening value 230 (Data come
America
of soil (mammals) from EPA)
% b AR A
24054
France Sensitive utilization of soil




86 s #F

PLINN O 9B 14 5

I, 38 3 ] 05 3 AT A A ARG ARO[ (B R 30.6 mg
-kg™" . Kabata-Pendias™ B 5% + 1 i 5T R X ¥ 52
M B A A B v Y R B R ) 40 mg - kg, BXAE,
AN RIVERRE - B4k %) 2 e oy 358 A DX, X A3k g
— G R Y AR A
4.2 B K HAG G Wt KRS A
AFEVES AL P A AR RN, SR, K
FEPEELER BB R T AR K I PR AL £, ToHLAS R 10

H13e 5 WK D IRFER 112 T LDy, #dl vl A1,

&k S L LR WAL A W () 85 MUY J& CoCl,>CoF, >
Co0>Co0S0,>Co(NO,),>C,H,Co0,>CoS0O, - 7H,0>
CoCO,>C0>Co,0,>Co,0,>CoS , A W4k {1k & 257

W NGk N ﬁﬁf&lﬂ’il@sﬁ%%imm&
PEAG S (HI25.3—2014) L, 4 398 iy 1 JXURS: A
JUTHERE 1) B P 2 S 5O HE 2 5L 4l (CAS 7440-48-
4), (AT [E H R S I Al ) e 8

) =120
PEREAR T . AFEAL G S MRS NR AR FWRC6E EEE (X S 280 43 B ik | ICP-
5 FirR o AES TR NSE NN, k4 J5 R Tk X L e A
*5 #HREEILLEHHSHE
Table 5 The toxicity of cobalt and its common compounds
FHIEZH/(mg-kg™)
Toxic parameters/(mg-kg™')
g /NS SCHRR U5
& F ) CAS 5 . . )
Chemical Minimum LDy, TD;o Literature
Name CAS number
formula lethal dose sources
KR&H KR&H N9 A NRZ&D KEMLA
Rat oral Rat oral Mice hypodermic Mice oral Rat muscle
=
A
CoCl, 7646-79-9 80
Cobalt chloride
AL,
CoF, 10026-17-2 150
Cobalt fluoride
AL 202, E R vk
CoO 1370-96-6 ) 135
Cobalt oxide 202, tumorigenicity
T BR S
- CoSO, 10124-43-3 44
Cobalt sulfate
A 434, v] BENFEBUEY)
AR ”
Co(NO;), 10141-05-6 434, suspected
Cobalt nitrate X
human carcinogens H H chemical
g R4 book J
" C, H, CoO0, 71-48-7 503
Cobalt acetate (Come
LKA TR from chemical
Cobalt sulfate CoSO, -7H,0  10026-24-1 582 book)
heptahydrate
kRS
CoCO; 513-79-1 640
Cobalt carbonate
i
Co 7440-48-4 1 500 6 170
Cobalt
Pus AL =4
_ Co;0, 1308-06-1 >5 000
Cobalt tetrachloride
e,
=R
Co,0, 1308-04-9 2 060
Cobalt trichloride
Ri%e
CoS 1317-42-6 >5 000

Cobalt sulfide
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FRAG AN A A 0 5, TR 2 Al A6
Bl AT AEIE ST A I B TR, BT 0 7 T
PARAE B PAFIE R st IRE A8+
S rb A B AN RE S W i 7 LAy T
A AT BF 58 3 WAL B A KORAS 15 1 0
HE G B A RS Z B AP E L L S B R R
[ A DG S 4 Aoy 7 e L rh i G A
RS i AR R WS Qe i i T AR TR LMD
feich tH 3 J A R B E RS BE ) AR IR DA K
TP A R L 7R e U Ao
IR T AHASATAE , K78 R rh A 4
REGTENE, B WAL, 53 Hb e bl 2k
RHOWAEAE S e A IR R B R &, e 158
o A 5 5 R R T 1l S B R S
G PR e B M P R A AR AU AR R
i - e bRk B RERE , B L E AT P Y 4 v G
PR WA 7 R (AT FRAR AL .

5 ®HF3EE (Research prospects)

RifE Tl Y R B i i m ] ARIE R K
NE 75 U8 KI5 7K BE R A5 32 ol ol ok o 22 1 Al
HACA i £ R e A LD 25 T 8 REE 15
TR RIS T, 1 42 T A A BT
MR ZIEANBREHERS LB PEAT H 3 X A R4
T RS 7K AT v A JRURS 8 2 8 1 7™ P RS
FEHIME, JCRE 231 i - S PR o ok B A Je kil
FE A BRI s e P RO, R, A ST —
ANAT DAL S ZOUL A + R TS Y TR R

ST ALY 3 RS B PR AR R — T T ] LA
B AT AR R T AR SR R, — Bl Y ] A
HBBFEKE S E 328 2B S E)E T
2RO AR W, TR PR ER A A LS & SR A
WA G B TTEAF R LA AT o] LI R
SR AR R e ] RS S R D ERFREAS
[ LAY PRI 25 A v m] A R S B B &
BBl , Je AR BE b 1 e 48 v 4B 1) e KR AT fg vk
I3 — 77 THAR I AT AR ) ) FHZS 8l ehOR [R50 P o 119
AN BT , DAREIE B o AN 2 ) R SRAE g
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BETRFEGEE RGN S5E L FFTaGL,
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