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Abstract: The heavy metal cadmium (Cd) is widely distributed and highly toxic. It has carcinogenic, mutagenic,
genotoxic and immunotoxic effects. The exposure of Cd poses serious threat to human health. This paper reviews
the progress of source, form, detection method, distribution property, exposure pathway of Cd and the health risk
assessment of Cd, which lays scientific basis for the health risk prevention and scientific intervention of cadmium.
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ERER IR G I A 00 P v 2R AR
LGRS PN NN N VN = N U S D
NG &8 i ke i, $E = BURS T e Wy i f
JRUBS: PPy 2 2380 3 XU, PP A A AL A 3835 e 3o A
IR FE R R AR, BRI TZAFHNTHA
FER R AR

ARSCET SR AT JEAS WE J5 % I3 AR |
A TR A SRR AR A 25 7 T A BIF 5 2 FRR R4 T 23
&, DU A BEDPAG 6 9 fe B XUBS 3 (IR A0,
o e ) fe R DXL, B Y AR 2T R (A 2 2% JEL e

1 $BA95EIE (Source of cadmium)
1.1 EEhEmn ki

BT iR B AR KR RS R R[]
IR AT A 25 5, R IEWAN TR, 1 TR
R PR o rh R R U

IR R PRI S F AR IR IR 3
BrhAR R B SRR F EALSE Kl BT AR A H AR
Bl KRR B SRR A A A KAk K 3l VR | i
AR AN R ASDTRESE KA R0 8 SRR K 1L sg
KGRI WEASR R w5 T A 5 4 s 14
TR A AR A AR

N R SRR %) i 2 e P 58 i v e 1 32 L
B I AR B AR R A (OB e R T
K AEBEE AR & ST R IR, AR F R R A
b @) AR R A8 H . S AT R B R
VLK 7 JE3 A A7 M e i FH e B A BRI el K Ak rp
R E LR T TR K CRA™ IR R BURE  H B A
BHEAT ML) B HE R KA A EERIE T Tk E S
(R SRR AR | b 35 B8 8 s 4 45 ) O HE K
e T R R T 3l s Fa AR LI B 5 K

B 5 VR Al S 35
1.2 Bl R R IR

TR AR | Tl AR ™ B A= T35 15 SR B 4
PRI B s, AR ) e el R 25
7 A B L O B A R R R IR

AP S I S P IR SO & B2 6 s Al
R A 2 AR, (Rt A S B T
R/ T

FRBRM AR 5, AR LE PR TS K™ b
SRR 5 3 POl AT BB R 250 55 5, 1 ER & A
MR 25

TEAL S R B R N (o ol 5 < JRIORS AR
SETHRATRE, BT A RO R Y e A b B R
G

2 $EBYFZZS (Forms of cadmium)
2.1 KREWRYHREIES

KA EERIER N 4 Fp . ATES
A2 (F1); n AL S 50 RS IR A
(F2); UL AW S fb 45 & 8 (F3); ikt &
(F4) " RAEOR Y b &3 LA CdCl, | CdSO, , CdS |
CdO F1 CdSe B AFTE, BRI T ES fb
A BRRHRS IR S RHLBh R

YHT, # K BCR 7450 Tisser 14 B 4 B IE A
PEATHEE, AR 5" R G Y BCR 21U, &
PRAASIIURE ) Hh 4 T B2 AR T R U (F1) Sk )
HEBF2)2 FIEEAAE ; i #4055 BCR %,
K BRI v e B LS R IR ST AE . FRTE
KR B AR ], oA W bk e stk
ZARTE L, FL F2 X 2 MBS S kAT B, XA
DL IR HA R fEE

®1 HRENFRAPIREHIKIER

Table 1

Sources of cadmium in environmental media

P B

Environmental medium

AR

Natural source

AR

Man-made source

AR KB AR B AR R TSR

PN . .
Rock weathering, hydrodynamic effects,
Water body
land runoff, atmospheric subsidence, etc.
o KR FRARIIE R AR RIS A IR
=
Volcanic eruptions, forest fires, wind-generated
Atmosphere o
dust, sea salt spray, biological sources, etc.
T35 A AR
Soil Rock and soil body

TP K CRE™ R R R LB HRSEAT L)
Industrial wastewater (mining, smelting,
paint, electroplating, plastics, etc.)

AL RSO HR SR AR BRI BERR G5 4)
Industrial waste gas (smelting, coal burning,

oil burning, garbage incineration, transportation, etc.)

AW IB i A IE S 5 KHERE S IR 0L )
Transportation, agricultural activities, sewage

irrigation, sludge fertilization, mining activities
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2.2 KABEHERIES

KR ERAIE S E2 50 R 2 25 IR A (<0.45
) R i 2 (DR | UKL R TE 45) (>0.45
wm)® ) RS EE L CdIERAAER, KIREE
R EEE R Z L Cd™ s oh s, KRS Cd* ol
5 OH™ .ClI” SO} FIl COY &A= &%, A= Y 4%
BT BT TE M) 5% 22 SR TCRE PR R ) o, e e Pk
R, ARV RS IR A TE AT AC A B R A DA M R
BRI NE, 7T 5 KPR th LS XN, B
B ASN, HAE &4 5 & AT B4k, Wi fa & 34
B LA B N AR5
2.3 TIEPEIES

TEPRAIES S KRR T 4 PRI
Fe—3, T A R LR B S Bl L S
THIERAELE, I Cd** . CdCI™ Fil CdSO, , £ K1+
bk A CAHCO; B X 4R, H At B 2 4% (CdNO; |
CdOH' \CdHPO, KA HLEL A Y55/ D UL, HEKIEME
FEELL CdS . CACO, K e fARm b iy I =0 A7 22

S, B8 2 IKE RS P CdCO, | Cd, (PO,),
Cd(OH), MJEAFAE i AE/K H p 2 2L CdS /Y TE
AFFAE

PRI S S LML B (pH . A
HUBTRN - 3000 B 55 e ), 5K 88 4 P IF 9Tk LA B2
WX RZEHEP RIS S RIERIRE A K, R
TR DU R LA W AR A A LR BR
B RIRERASE D ik R A PSS RE A
2 BRIRERAS W ACHASED . SRIB IR SRR
JHA R B X R RIE A, & B I 4 A
TEA D ATRRIE A . AT AL ZS > 55 R 4 US> T iR J5 2
SHKIERSFRIES, PIEmA AN, FESE
BRI B DU B TRy b 25 RBRE )2 1 KU A
b 7 R AR PO IE — 0k P O[] 5 2 IR IE S, &
PR e DI SS A BRIRER 4 5 S AETE,
F 5 Ok A A

3 $ERYHEM ( Cadmium detection)
3.1 FEAATAL R )T

FRE b T Ak T A T T 5 SR 1 v e PR R R
LR S R A I B AT A B T I BN 2 FR,
YR A A Y A B v AR T AR AR
TH e B R P S r Al 30 e A1 G figk 1) ) 6 R it
FEFUERA BELF Sy THAF 25 EVE SRR A5, I H]
Rz

3.2 mIEARERE

HEBIIE RS R A E S 2B, H AT
I S P UL A4 . Tessier HLAH IR 4274 . BCR
SRR B HE AR BCR 1244k AN RNZ LY
BREL RN 3 B,

3 A B ER B A B BT v, ek it BCR
R IR PO B A O H B B A
AL A bR S 2, DR AR B B i N
Rz,

3.3 ERAYAI 5 vk

B ASIN BN 4 B, BT
B AR ARSI T YA A BB A S TR R R
ST | AR A S B AR TR A AR T 2O
TR A o R T 5 Gk vl A B 7 R M
(%R 5 A S b R RO 1% 7 (GFAAS) B AT # HY B
R HERA B B AR o, AL ST A 2 B I RORG 9% R 4R
# ., ICP-MS il GFAAS W H we- L7 AY4EHRE
JZis TR . BRI R Oy i, 5
BRI B K, AR P AL S 0 2SR DL K AH
4 ) A o 7 k| 2 0 2 BT AR 25 1 LA B R

4 SRFEARE I B F AR5 % ( Distribution of cadmi-
um in different media)
4.1 REWEPHR

5 W SCERRGE Y [ P9 AR A 9 XA
SRR A, RS v ORIRIZET O]
DX 38l ) RS FR B AR R B o A A 25 5, AT STk
KFRAIAATE PRI FEE P T -
Vi TR S AR, [ P A3k R AUk 4 T
Rk B T COFF B 28 RO AR ifE) (GB 3095—
2012)"1H1 WHO i) 28 K i s A ET Hh 5 ng-m™ 1)
FRAE, AH L SN 22 X3, i ] — 23 i X3 K<
UL T AR P AR R T Y ) R R A I 1 R £k
SR RS 20 53 | e FE A
4.2 KK A

72 6 F AT SCHRARE Y [ N A 43 XA
KRR oA, R T A ERATAR ) A T AR K T
HEFRUEY (GB 5749—2006) " L5 | A= 3% FH K 4% &
HAN T 0.005 mg-L™', EFr KA S 2R
7 . 26 E BB R R (US EPA)™ 5 pug-L™"'; WHO™
3.l MiEE 6 nlA, SCHk A H 3R R 4 IR T
IR AR A i AR 3 TR A T RO K ) R LA o
T e S0 R 4R R e 2 T IR A R AR A i T s X
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5 e BT AT K A T WHO KR S bRt
4.3 EHEPER S

i E A A T A R 4 B3 W K
FEARAE ) (2000—2019 4F) U5 TR -3 w7
PN 0.19 mg-kg ™', 5 T HERI T 5 {H(0.097 mg-
kg ML, & LS & B T 1 4%(0.19 mg -
kg ™), T IR A RN T 2 %029 mg kg™,
4.3.1 R IEPRAI

7 G E NSNS X Sk B AR R i

G3A . R T AT JLT B S X - g R A ik
JEHR R T Y M Y T SE, b BN A E L T
A ZE PEvUE O R IR PRk
HRAT — 2 R Ao - PR o i A FH b - 175 4 XL
W6 B PEFRUE(GB 15618—2018) dh (7 i FR{H
4.3.2 IR A

7 8 H1 [ N AR A T AR A R R Y
i, R 8 IR, R L A W I AR
W FEFRRR LT T S Y S S (E, T DX A Rk -

x2 HmPEENEETAE T

Table 2  Pretreatment method for detection of cadmium in samples
A B 7 v A Z:2 3CHk
Pre-treatment method Characteristics References

DR IR PR NI ST T IR 10 T P D VA AR e S R IO BORE T e R S

VABCHER BZ4F 5 THRAE 25 AL EAR

Advantages: fast heating speed, uniform heating, short digestion time, less acid consumption, high dissolu-

TRl T A tion rate, avoid volatilization loss and sample contamination, good precision and accuracy, easy operation, D7-28]
Microwave digestion ~ low blank value
Bt T IR REA VRN AT WS R 0 A% i 725
Disadvantages: the volume of the digestion tank is small, it is difficult to observe the digestion situation,
and the price is high
. . E A iR )L T) B A B i R
EN=EIREE SlE) o ,
. Advantages: short digestion time and large amount of samples processed at the same time
Fully automatic S - . [29-30]
o B R L BN
graphite digestion
Disadvantages: large amount of acid, high equipment price
Pemi A ERE TR S HE R R AR/ 5 Y D ] R D LA A AR AR
o Advantages: strong decomposition ability, small gasification loss of volatile elements, easy pollution con-
fe S 11 A . o . ‘
. trol, low acid consumption, simple equipment, low price
High pressure b o - X . . . - . [31-32]
ok discst B ARSI AR AR S AN e A R AR ORI > R e
nk digestion
g Disadvantages: the tightness of the container is not strong, some samples are not completely decomposed,
the temperature is low, the sampling amount is small, and there is a safety hazard
PE A B TR SRR 5 FEM AL AR 5 S8 A Sk | DR
Advantages: simple equipment, simple operation, short time-consuming, low cost, easy automation, high
T TH recovery rate B3-34]
Wet digestion R TF B I R DR, X e R A IR A T, 28 A
Disadvantages: long digestion time, large amount of reagents, adsorption and desorption of elements, high
blank value
DE s < 2D BRI P B0 | [ b A BURE i K, RIS IR AT ALY
Advantages: simple steps, simple operation, large amount of samples processed at the same time, can
AL completely destroy organic matter [35-36]
Dry ashing B TG SRR 5 SRR R R OC R S IR T

Disadvantages: long digestion time, easy gasification loss of volatile elements, easy accumulation of some

elements in the crucible, and easy environmental pollution
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Table 3 Operation steps of different extraction methods for cadmium species extraction
)| 2031 S o - .
- : Bl B RIS B% ik
Cadmium species .
. Steps Extracted cadmium form References
extraction method
(1) 8 mL 1 mol-L™'MgCl, &F#(pH=7.0), i F#ELLIRY 1 h J5EL N
1) 8 mL 1 mol-L™" MgCl, soluti H=7.0 i ly for 1 h FIGIZCHA)
(1)8 mL 1 mo ¢Cl, solution (pH=7.0), vortex continuously for at room FI (Exchangeable state)
temperature and then centrifuge
- R S S g =
)8 mL 1 mol1 L_lNaOAc,}-HdI.—IOAc T pH- S.OE{ETJZE, H&«zs h }E%? (A PRS2
(2) 8 mL 1 mol-L™" NaOAc, adjust pH=5.0 with HOAc, and centrifuge continu- F2 (Carbonate bound state)
ously for 8 h at room temperature
(3) 20 mL 0.04 mol-L™" NH, OH-HCI #425% &) HOAC %, (96+3) C T fH{k
bt . 1 e F3 (¥ A M)
Wi AR 6 h J5 S L o .
F3 (Oxidation state of iron
(3) 20 mL of a 25% HOAC solution of 0.04 mol-L~'NH, OH-HCI, shaking at (96
and manganese)
Tessier 4124 +3) °C for 6 h and then centrifuged
Tessier five-step (4)3 mL 0.02 mol-L™' HNO; 15 mL 30% H,0,, ] HNO; ¥ pH=2,(85+2) [37]
extraction C T EERBIZESRD 2 h;3 mL 30% H,0,,5 mL 3.2 mol-L™' NH,OAC AY 20%
) HNO, AW BeE 20 mL,(85+2) °C FIHIRWILEIRD 3 h, AHE=IR
(4) 3 mL 0.02 mol-L™! HNO, and 5 mL 30% H,O,, adjusted with HNO, to pH= FACH LA B )
2, (85+2) °C constant temperature intermittent shaking for 2 h; 3 mL 30% H,0,,5 F4 (Organic binding state)
mL 3.2 mol-L™' NH,OAC, dilute the 20% HNO; solution to 20 mL, vibrate inter-
mittently at a constant temperature of (85+2) °C for 3 h, and cool to room tempera-
ture
(5) HNO;-HCIO, -HF i fff , & i N #2248 30 min J5 &0 -
F5(3%iE S
(5) HNO,-HCIO, -HF digestion, continuous shaking for 30 min at room tempera- ( . )
F5 (Residual state)
ture and centrifugation
(1) 40 mL 0.11 mol-L™" HOAc %, (22+5) CiELEIR% 16 h J5 & F1(3S B AR EU)
(1) 40 mL 0.11 mol-L™' HOAc solution, continuous shaking at (22 15) C for16 h F1 (Weak acid
and then centrifuging extraction state)
(2) 40 mL 0.5 mol-L™' NH,OH-HCI, /§ HNO; ¥ pH=2,(22+5) Ci&EZ:AR 16
h JE B F2(AT i JRZS)
(2) 40 mL 0.5 mol-L™" NH, OH-HClI, adjusted with HNO, to pH=2, continuously F2 (Reducible state)
oscillate at (22+5) °C for 16 h and then centrifuging
BCR =24 -
AR (3) 10 mL 8.8 mol-L™" H,0,(pH=2.0 ~3.0), Ei&#Hk 1 h, 5 EES5£2) C,
BCR three-step [38]
extraction Ak 1 h 28K T BNA 10 mL 8.8 mol-L™' H,0,(pH=2.0),7E@85%2) C T,
AL 1 h 28R T 5 EAA 50 mL 1 mol-L™' NH, Ac(pH=2.0), 7£(22%5)
CF, #2416 h,J5#.0> 20 min
3) 10 mL 8.8 mol L’IEII-IIL) H=2.0 ~3.0), di d forl h E3(T RALE)
(3) 10 mL 8.8 mo ,O0,(pH=2.0 ~3.0), digested at room temperature for 1 h, F3 (Oxidizable state)
then heated to (85+2) °C, digested for 1 h and evaporated to dryness; then add 10
mL 8.8 mol-L™" H,0,(pH=2.0), digested for 1 h at (85+2) °C, and evaporated to
dryness; finally add 50 mL 1 mol-L™" NH, Ac (pH=2.), at (22+5) °C, continuous
shake for 16 h, then centrifuge for 20 min
(1) [7] BCR =423 1) F1 (55 RRARIEES)
(1) Same as BCR three-step extraction step (1) F1 (Weak acid extraction state)
(2) 7] BCR =242 HRQ2) F2(MT & JR )
Mk iR BCR ¥4 . .
(2) Same as BCR three-step extraction step (2) F2 (Reducible state)
Improved BCR s . [39-41]
extraction (@) [ BCR =B AELIRG) F3(MT ML)
(3) Same as BCR three-step extraction step (3) F3 (Oxidizable state)
4) 20 mL F KR FAGRIER)

(4) 20 mL aqua regia digestion

F4 (Residual state)
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Table 4 Method for detecting cadmium in samples

Her Jy 2 A E= BTN
Detection method Characteristics References
R & 5 e T DUR: TR PR A6 H R S5 R AT o R e 5
1A i i 1 (ICP-MS) Advantages: simple, fast, low detection limit, reliable results, high precision, etc. U2-45]
Inductively coupled plasma BRAS B SR B s e
mass spectrometry (ICP-MS) Disadvantages: expensive, easy to be polluted, etc.
X y Do KSR B R M SR I 58 R MR v R TR A
RIS 5 T 1 Advant: high isi d stability. L:i d ic li high itivity, fast
s vantages: high precision, good stability, wide dynamic linear range, high sensitivity, fas
K465 (ICP-OES) _
Inductivel ed bl speed, less interference, etc. [46-47]
nductively coupled plasma A e . .
. B S ARCRAR, AR
emission spectrometry (ICP-OES) . o . . .
Disadvantages: low atomization efficiency, high argon consumption, etc.
DL BRI SR o SRR TR AG T AR (R4
JEF IS (AFS) Advantages: simple operation, high sensitivity, less matrix interference, low detection cost,
Atomic fluorescence etc. [48]
spectrometry (AFS) Bt Rt 2 F
Disadvantages: poor stability, etc.
DO A T R S5 ARAGSE R0 R AR i S G 46
s . Advantages: wide detection range, fast speed, stable results, high precision, no damage to
X-ray FOIGHEE(XRF)
samples, etc.
X-ray fluorescence b R . e [49-50]
B ARET S TR SR 2 A ] A R A
spectroscopy (XRF) . - e . .
Disadvantages: large radiation, poor element sensitivity, high sample preparation require-
ments, etc.
X DG AR TR R A JRE RO 2 e 2
KIGIETF WAL FAAS) o e N
) . Advantages: simple operation, high accuracy and precision, etc.
Flame atomic absorption e [51-53]
Berd : RFULEARSE
spectrometry (FAAS)
Disadvantages: lower sensitivity, etc.
T IS TR G AR TR R A JRE RN 2 e S
S IEEE 1L (NFAAS) Advantages: simple operation, high accuracy and precision, etc. [54-55]
Flameless atomic absorption S REBRACE
spectrophotometry (NFAAS) Disadvantages: lower sensitivity, etc.
HLF T I e A PR SRR v AR A
Hei% 7L (ETAAS) Advantages: low detection limit, high sensitivity, simple operation, etc. [56]
Electrothermal atomic absorption it . JEAK TP ™ H 55
spectrometry (ETAAS) Disadvantages: serious matrix interference, etc.
DO AG HE BRAR b Il WSe 3 | Rl B2 RS Bf BE | R U 5 | b 0 45
. . Advantages: low detection limit, high recovery rate of standard addition, good accuracy and
A YR F RO L (GFAAS) o o -
) . . precision, high sensitivity, good selectivity, etc.
Graphite furnace atomic absorption [57-62]

spectrometry (GFAAS)

SRl ARIEROT 2y R RO ERE AR TR NG A ZFOLR M
Disadvantages: complex operation, poor reproducibility and precision, high price, large in-

terference, not suitable for multiple element analysis, etc.
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Table 5 Concentration distribution of cadmium in atmospheric particulates
. . Cd W JE LR (1) (ng-m™) )
BRI X 8 R F W5 )y 1% - _ S 30k
Cd concentration range
Study area Sampling date Test methods References
(average value)/(ng-m™>)
AR 2009 44 1—2010 451 1
) ) XRF 59 ~129() [63]
Chengdu, China April 2009 to January 2010
e [ 2017 4F 10 A 2018 4F 1 A 4 A7 A
XRF 162 ~17.1()) [64]
Zhengzhou, China October 2017, January, April and July 2018
A 20144F1 H24 H—2 A 21 H
R ) ICP-MS 0.1 ~88(19) [43]
Nanjing, China 24 January to 21 February 2014
LT 2014 4F2 H—2017 4F 10 A
ICP-MS 0.68 ~1.9(1.25) [65]
Liaoning, China February 2014 to October 2017
HhE K 2013 4£ 12 —2014 4£2 1
L ) ICP-MS 2.13 ~6.38()) [66]
Tianjin, China December 2013 to February 2014
HIE i 2012 4 5—10 H
o GFAAS 2 ~3() [57]
Shanghai, China May to October 2012
R 2014 412 29 H—2015 41 H 22 H
ICP-MS /(453) [67]
Beijing, China 29 December 2014 to 22 January 2015
SHEEAS-
/ / /(129+19.6) [68]
Multi-region, China
B RH AL AR 2007 4F 1 H—2008 4F 1 H
) ICP-MS 77) [69]
Lahore, Pakistan January 2007 to January 2008
e R AT
. 049 ~2.92(/)
Katowice, Poland
i i EEIYE 2010 4F 1—12 H
ETAAS 027 ~2.09())
Gdansk, Poland January to December 2010
e =3 A fr e
) 0.18 ~0.88(/)
Diabula Gora, Poland
P22 A LA IR 2009 447 (L14)
Zabrze, Poland Winter 2009 '
BRFIK 2002 4E4Z ,
Milan, Italy Winter 2002
[56]
HFI AT 2003 4E4Z ,
Meining, Belgium Winter 2003
i B AL 2003 4F 10—11 H
/ /0.7)
Athens, Greece October to November 2003
VUL R BN 2005 4£1—3 H 102)
Cartagena, Spain January to March 2005
PUPEA L ZED T 2005—2006 4F 103)
Barcelona, Spain 2005—2006 ’
B 2005 4£2—3 H )
Gothenburg, Sweden February to March 2005
EDEM
) / ICP-MS 1.5) [70]
Gwangju, ROK
& [ B P 1998 4F 1 —1999 4E 1 A
ICP-MS /(0.34) [71]

New Jersey, USA

January 1998 to January 1999

TE AR IR AT,

Note: / means that the data is not noted in the article.
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Table 6 Concentration distribution of cadmium in drinking water
. o . Cd W B F I E ) (pg- L)
WFFEIX 5k A H 4 W T5 ¥k i 275 SCHk
. Cd concentration range
Study area Sampling date Test methods References
(average value)/(ug-L™")
hE TR 2017 4£ 8 H
S ) ICP-MS 0.050 ~049 [44]
Ningxia, China August 2017
EdL
/ AFS 034 ~0.32 [74]
Beijing, China
o 2007 4F 1 H—2009 412 A
NFAAS 15~25 [54]
Shenzhen, China January 2007 to December 2009
A A 2019 4 1—3 H
B ) ICP-MS 0.025 ~2 [75]
Nanjing, China January to March 2019
LIRS 2011 41 H—20154F 12 A
) ICP-MS 0.1~33 [76]
Changsha, China January 2011 to December 2015
o ] A 2018 4F 1—12 A
NFAAS 0.1~25 [55]
Hohhot, China January to December 2018
ZE [ IR hr R e 2010 4F 6 J .8 A ,2010 4F 11 2011 4£ 1 A
Ubon Ratchathani, June and August 2010, ICP-MS 0.13~023 [771
Thailand November 2010, January 2011
L T R A 74 2008 4 11 H
GFAAS 0.03 ~39(0.82) [58]
Kohistan, Pakistan November 2008
d N [ AR R 2019 4E3—4 H
) FAAS 024 ~528(1.75) [52]
Southeast Coast, Bangladesh March to April 2019
Be B s 2018 4F4—5 A
) GFAAS <30(6) [59]
Asut, Egypt April, May 2018
W /RN CEAR T,
Note:/ means that the data is not noted in the article.
xR7 KEITEDEHIRESS
Table 7 Concentration distribution of cadmium in farmland soil
Cd ¥ G (X 1E) HRAH FrifE R B
. . . . /(mg-kg™) /mg-kg™')  /(mg-kg™)! .
AT IX S A H ) W5 T5 ¥k . S5 3k
) Cd concentration Background Standard
Study area Sampling date Test methods o References
range (average value) values limit
/(mg-kg™") Amg-kg™)  /(mg-kg™")'
ESNE &L
/ ICP-MS 0.075 ~0.426(0.180) 0248 030 [45]
Leishan, Guizhou Province, China
HHETTMN
/ 0.036 ~0.253(0.16) 0.056 040 [82]
Guangzhou, China
rh LA 4 R
Shijiazhuang, / ICP-MS ND ~3.88(0.297) 0.094 0.30 [83]
Hebei Province, China
] e 7Y A i DG £,
2015 4F 8—11 H
Tongguan County, GFAAS 0.051 ~3.742(1.52) 0.097 0.60 [60]
August to November 2015
Shaanxi Province, China
N 2007 4F 9 H—2008 4£9 H
EHEPRE
September 2007 to ICP-MS 0077 ~2.37(031) 0.090 0.60 [84]

Tianjin, China

September 2008
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2i3RT
Cd ¥ i3 il (1) GEiEl T R A
. . Amg-kg™") /(mg-kg~ /(mg-kg™")!
B REER W5k (eke™ - merke™)  SmEETYyy
Cd concentration Background Standard
Study area Sampling date Test methods References
range (average value) values limit
/(mg-kg™) /(mg-kg™)  Amg-kg™")'
PYBESF A 2 i) i 4ok 2003—2004 4F
ICP-OES <001 ~1(041) / / [46]
Ebro River Basin, Spain 2003 to 2004
ek 2012 4F4—8 H
ICP-MS 0.11 ~8.68(043) 026 / [85]
Isfahan, Iran April to August 2012
o I BT 3k A
/ ICP-MS 007 ~6.1(0.54) / / [86]
Agorida Basin, Greece
T L A A
/ FAAS 025 ~3.85(0.66) / / [53]

Zagreb, Croatia

BRI A, AR b+
Note: / means that the data is not noted

2018) ®71; ND means not detected.

in the article; '

TGRS i HE(H(GB 15618—2018) ~ZARMEM S s ND Fom A K H o

®8 WHFKHETEPREHNRES S

Table 8 Concentration distribution of cadmium in urban non-agricultural soil

secondary standard value of agricultural land soil pollution risk screening value (GB 15618—

SRR EE(P)

Cd ¥k HRHE
) ; . /(S'Zﬂ]{ﬁ/’”‘-ﬂﬁ)b
- . N (i) mg-kg™) /(mg-kg™) \
5T X 38k FHEH W5 J7 i Average exceeding 2% ik
Cd concentration Background
Study area Sampling date Test methods multiple (P;) References
range (average value) values
. 4 /(average value/
A(mg-kg™") A(mg-kg™")
background value) °
Y
) ) / ICP-MS 0.091 ~2.448(0.278) 0.103 2.70 [88]
Shanggqiu, China
EHEP N 2006 4F3—4 A
GFAAS /(0.208) 0.112 1.85 [89]
Taiyuan, China March to April 2006
TR
/ XRF 0.073 ~0.858(0.279) 0.079 353 [90]
Chongqing, China
P A
/ GFAAS 0.125 ~5.22(0.275) 0.15 348 [61]
Shijiazhuang, China
[ G R T 2008 4% 10 H
GFAAS 0.07 ~0.25(0.1264) / / [91]
Harbin, China October 2008
o L
. / / 03 ~4.55(1.73) 0.17 10.17 [92]
Wuhan, China
AR RS 2011 4£7
ICP-MS 025 ~74.72(2.17) 042 5.16 [93]
Sfahan, Iran July 2011
PR TR R L
/ ICP-OES 0.1 ~3.25(1.03) 035 294 [47]
Erbil, Iraq
ERARRRAL-1E
ICP-MS 0.13 ~244004) / / [94]
Cosenza-Rende, Italy
Btk T
/ XRF 0.1 ~42(1.073) 0.1 10.73 [50]
Medak, India
R IL T A I BRI 2E 1 A P BB EU(P), P < L(ET5H), | <Py<2(fRE 15 0Y) ,2<P, <3 (P & JP>3(HIEIBYY)

Note: / means that the data is not noted

in the article; *

geochemical background value; °

2 (light pollution), 2<P; <3 (medium pollution), P,>3 (severe pollution).

the average excess multiple (P;), P;<1 (no pollution), 1<P,<
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BRA AR RE NI, HhERKE) AR
JE (P D (P ) STk 2 (B ) R K (B
DX Y b R R AR TS % 5 7 (b ) ROR e (DL
i) DX IR - R T G
4.4 BEHER A

2 9 0 3R S A 38T AS R £ S AR AR Y
T, EEEA BRI ANRR) EEHEE )
NERE T R B8 32 W Rl 2 DA RO 5 5 g
BEERSZm, REYhESEILRSE E R FL

Hil AR B . ARAVER A B OOK )
&5 MEALEREM a2 L ESmMSET ST
HAbAA D™ S i amt . 3R 9 Al E 4 X
FOK v B v T LAt £ S R 288 Sk v i A b
M LA KRR b DX R oK rh 4 1) 5 e o R 2 A
FhrifE B s PR &) (GB 2762—2017) "%
FUEM) 02 mg-kg™" 5 FATE DL v (g vk BE AR X g T
2= St TR DL e B e s, PS4V
iKF) 1439 mg-kg™',

®9 REFNSXERBAEFMERHIRE

Table 9 Concentrations of different types of cadmium in foods in some regions of China

Cd ¥k BE{H PRUERR(E
T X Ak A H (EYLIES 8 J5 ik Amg-kg™") [mg-kg™)'  BHIUMR
Study area Sampling date Type of food Test methods Cd concentration Standard limit ~ References
average/(mg-kg™") Amg-kg™")!
iy | PN S
/ GFAAS 0.1184 02 [95]
Liuzhou, Guangxi Rice
B ok
/ ICP-MS 025 02 [96]
Hangzhou Rice
M 2014—2016 4 Kk
GFAAS 0.075 02 [97]
Ganzhou 2014 to 2016 Rice
TR X 2013 4F- 2015 4F ok
A coal mine area 12017 4% Ri GFAAS 0278 02 [98]
ice
in Xiangtan 2013, 2015 and 2017
Bi2F Vegetables 0.01 005 ~2
JKHE Fruit 0.001 0.05
Wil i Cereal products 0018 0.1~02
HE 2013—2017 4F P & Meat products 0.05 0.1~10
) GFAAS [62]
Weinan 2013 to 2017 il & Egg products 0.003 0.05
FLi#i i Dairy products 0.005 /
JK7% i Aquatic products 0.022 0.1~20
% S K K7 2% Nuts and seeds 0.021 0.5
KK Rice 0.00653 02
T Vegetables 0.00732 005 ~2
YN AE Animal organs 0.05152 05
emhism s X K Fruits 0.00138 0.05
Miyun Distri 20142015 % 7 R GFAAS [99]
iyun District, il
Y= 2014 t0 2015 . 0.00868 005
Beijing Eggs and egg products
6 2% Fish and shrimp 0.00315 01~2
I3 B
) 0.00029 /
Milk and dairy products
2014 4E8 H | %k Tilapia 0.023
BRIT =M 2015 44 H 44 Ctenopharyngodon idelles 0.022
] ICP-MS 0.1 [100]
Pearl River Delta August 2014, i £ Mandarin fish 0.074
April 2015 i Snakehead 0.070
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Cd W HE FrifEFRE
EEE RREE ETTES W5 7 ik /(mg-kg™) fmg-kg™)' B ik
Study area Sampling date Type of food Test methods Cd concentration Standard limit ~ References
average/(mg-kg™')  /(mg-kg™!)!
gk ff1 Sea fish <0.005 0.1
ZHEE 2018 4F4—5 H
) - _ Ak JE Molluscs ICP-MS 0.63 20 [101]
Qinhuangdao April to May 2018
FF722% Crustaceans 024 0.5
12 Shellfish 1439 20
W Algae 1.171 /
il 3 JE£Z& Cephalopods 0367 20
/ . ICP-MS [102]
Shenzhen IR 7K £ Freshwater fish 0.002 0.1
ik ff1 Sea fish 0.006 0.1
WRZ& Shrimp 0.008 05

TE AR SRR TEY] (B VR E R ARE & 55 QB ) (GB 2762—2017)01°7,
Note: / means that the data is not noted in the article; ! National Food Safety Standard Limits of Contaminants in Foods (GB 2762—2017) 1%,

5 ${EREE R (Cadmium exposure route)

R ) B R R A AR PR ) B OK
YN 3= LT e
5.1 FFIRIRA

X T HR b A % R S U0, WA A R R R R 1 —
NEERK, KRR THMAS kLG,
Ik W K 2R 8 W2 WS T AR T it 350 185 0 68 %o AR 1) 7
A S R = AN ) i R @ (e
WA — N EER AR, WF 5T R IR A K
20 MR, 2 1 pg B ANARI®T
5.2 BYRYOKEEA

A BOKSZAE WA AR IR 2 5 A\
) EE R AR RN B R D TE
ANKRI LN 3% ~5% ,Faie & FUE AR Y Bk
AR, 2 3K 10 ~ 30 4EM
5.3 ZRRJRAE AR

25 Kz R W e N AR B R Y AR D AU <
1%, WZRRFR A MITZE, RIB H R e — PP U 4546
L, F R 5 5 AR K ] ST = T
KBUARS R T REM,

6 RAVEER KB M 5B 1E ( Health risk as-
sessment and prevention and control measures of
cadmium )
6.1 il FE RSP ik

I, 75 YLy 7 i 1 Ag BREKURS: PP A T 2L T 56
FEIRR Be (NAS) Y DU 2D 3% - A 3 PR 50 4 e
fili R 5 VPG AU RAE

o E U L SR | 0 B B 2R R A T o
TERE, F TS Y A (g R B, T o
SRR . HAT, T A i) [ PR e A 5 s
S E B R 255 KU AR B R S8 (IRIS) 55 £ s
B RS E AR TR M EUE

) - I PPA 2 Ao N7 T Gl ) ) 5 R R A
H5RGBANFEZRTZ AN R RN RAERN LR, E &
A X AR B e B JRUBSE T 50 - s 0 O R B PF
Al 343 h ) BRAE AR 2 FRAE VT , 152 F T 3P4 5
- AR RN A A R TR L AR B
RO R - RO e R T

T S VAR R o U B A T AR B8 T AT
YL TR R IR R RN TR R LA S R R I T A T
TEAY 2 USSP 9 2 S A

fit BRI 2 F1F 2 Bk T 15 5 U0 3R] - g T
i RV A 48 ST R TEA R R BRI AT A
IR = A fe |, o B0 U 5 3R 30 KURS
6.2 AR g R XU E M BR

[ N SIMIFSE T 2 8 1) At B IXURS: 1 AT T —
FEMIBFTE . K BN o3 B b 5t i X R 4y v B
4 Ja () f R RS | 45 SR W T R A B TR
S50 R 500 R R XU 78 42 43 [l N 5 2 A 100
TELZR PR BT o DX R Ml g f B XU A 7 PR, 45 SR
FEH iz DR S T A AR T ) L EE DA K i N AT BIUE
IRUBS: , {EL 5 X JL 28 10 2% 88 XU i35 T il A ; Agustina
SN2l 7 g SHCHE 37 b T 7K HP A 108 I 58 i B RS i
TPV, A5 R R Z A XS T 7K A B0



236 s #F

PLINN O P17 5

ARG  AEZAE 5T B — B 5% TR K 35 A XUBS: AS REAR 47
TR Ml X 2 R 1 i R XU 5 Chen S5 ZR5A8 T
HE T b DX 174 e B XU PEAN 0 5 B SR, &5 SR 0
~5 % L H S 2R B R, AR b O [R] A (O
~5 % 6 ~17 ZHRN)Z ke Cd ZE5E 5 T A ]
FZ WG K- s Du SRR L B RN v k)
FAF I N 0 2 B A 7 R XU PP, 45 2R o, L3
TRTE B AR B0 K2 B 12 £,

g5 b U 2R R R U PR s T 2 iR AR
TR, 2R AR ZREE AN, AT LA A Ak
AR B 2 583 XU Ti] s ok S ] AR 4 2% 552 110 i
R XU DA S LS e R R A R GRS B B
6.3 HINEABIEE

RN R AN R B 7 A A A R BR 7
L7 A B4 - (1) 7815 Ye U5 Sk 7 4% B 7 , 35 i) T
v B =R K A T A R A HE Y 5 ) X
15 Y1) R B B Rt S e B 1k RS A
st S REAERL, 98D ARV E T AR A IR AL
TEIE A A, B T pH A, BRI
A T )R T Y (R K AR B iR SR
FHWR B A2 T3 25 07 3 Ak b BRK PR R i 47
(@) sl ek /D4 R 6 IR R R I, 9D
BRI S s BRI B D AR A R AL
BRI, B AR R A T A5

7 WRREE (Research outlook)

R N AR 11 it o 52 i 52 81) S0, 680 1 R 0 R 4
T 5 5 (R KU PPN & HUS — 2 A 9T R (BT
AN (DA B PR TE SHEERRES K
AR M AEA L B AR DA SR BA A
B 5 (2) E T 0 G T 5 R i Ak B R | A
TR A T PRSI R S5 (B) A R X 22
1 AR HE Y 5 2 58 KU P DG T FE AN

T REEEANT - (D)X AR A B R A W E
SRR, A 55 1 A 0 A 80P P VA R 4 5 8 1% ik
R XU P-4 B it v g A R 5 () AN IR Joa rh
JEASHRIBORRGIN J7 12 1Y) et 55 5, 4 JBL S B e
I 5 3) AR DXk AN [F] AR | 2 i 12 4 2 R T
B, BhaF A TR A [R) R 0% i R RS | Sk N7
AN [7) A 0524 2 688 114 ke e XS TP DA S o3 A 45 T 1
BEE RH N () H R LA

BEEEEN . ZIA975—), %, W+, 48, 2T FH &
ARAFRFEE REERLF,
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