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AxZHFRER Y ORI s T R 4
Ja T TE A 25 AU T A 4y ol ) . TR R
b FEMEE, FARS Y B RUE
71 o AR N BESR JEUG HHE IR IE S50 A, I REAA AL
0 R S A S pRBSORR A R A S ), 2 Ak FRAT i
R A 7 TR, S B GISE A b 138 /R 8 A%
MESRARRY B R RN, SRS B N T A MR
B, A T i LA P 323, %4

R3 MEXBRAR

Table 3 Types of early warning and their connotation

P

Type of early warning

(AR p
Threshold probability ( % )

EevH L

Description of early warning

T
p=<10
Level zero
LES
10<p <30
Level One
s
30<p <60
LevelTwo
i
60<p <90
Level Three
i
p>90

Level Four

Content is close to the background value of the soil environment,

F IR LA A, BEA TR )
but no

environmental problems

FrEAA TN, AR )

Content increasing with slight environmental problems

G B, SRR

Content significantly increasing with obvious environmental problems

SRR, FRETIR AR

Content increasingdrastically, withquite seriousenvironmental problems

IR [E PR bR, PRI AR

Content reaching to Grade II criteria of the National Standard for Environment

Quality, with serious environmental problems

http: //pedologica. issas. ac. cn



41 FLURES L0 T 8 U T E 739
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Table 4 Threshold for each element ( mg kg™ )

Zn Ph Cd

Ni Hg As Cu

15 {H
Threshold

250 300 0.3

50 0.5 25 100

e BRI T  REERREE R AndE (GB15618-1995 ) >> Note: The data are sourced from the soil environment quality standard

(GB15618-1995)

3 ZERS1He

PL20064F Ky BEUEAR , FE4ERr LA 1Y 11 4
J& SREARBEN T, WRYE e s, Jb
HTARRK30 a, NFPESES, Pb. NifICrIHTEH
WEMBIELIN, b TFIREHLT, AN
B2 N Ve S S 2 W5 i i et 15172 0 TR
Zn. AsHICrHIAE THEGON LIS, HgfCdBisl 1
AN [P B 1) E S R BBV A AU X, FLRN T R A7
TEA RN R BE PR AR , PR, AR SCRI I b g 112
(96 715 o, LR ARE 3R A5 AR 22 ] T o S ) BRI XU
TSR, F X AAN T E A FRBE KU IR L i1 7
I3
3.1 Pb. Cr. NiZEWZTE S

L HI2006—20364F 130all], 4 J&Pb.
NiFICr&B AL F IR ZRHILLT , KRR, X
HRIAEIES 1 20064F T 4 8 AU M R BF 5T 45
WA A HPh. Ni, Cr 30 ali U 4 )@ KU
X, R Are GISERAFAR 1 o BLA% 19 i 151 (1A
1) o BRAEBM20364EPhAYZS M HAE (Fla)
e HPhiy & Adbm pE & EE W, BeE
W50 ~ 63 mg kg X T B FXMIL-ERE,
WX R A KB MBES I S RE A X, K
XN o, KR TPEEARFEHSER
0 1 X LA B 3 M X5 AR R B R A b X, R AA
A5 955 5 B DX Y 4% A5 2R R R /N 3 X . H
A6 Ph Y & i 4 R 1o [ 5 A B i )
PR FEEK . M2, % m MAE A X P & #AE
1£30 ~ 40 mg kg™', IR T R - IEAEE — Hhn
HE, HAH X 4E T 40 ~ 50 mg kg™, MR HEPH)
Yy B o3 T, P A % R ORI R e 2 5 AL
M AR L, WU LB PhEEATRES XK
UK B RN AE Rb i o 2 A e, Xl 5 A R
i U ST 48 SRARAY o

LR 20364F AN & (AL T3 ~ 43 mg kg™
ZIE), WA T E R A R T R AR T .
HEE (34~43 mg kg™') KKRZM FILRiifgil
Zebay (Kb ) o A Tz B IX 2 R IX
W30 a Nifty SRERAT e 5 R filf FH A 25 A0 I DA K
BT KW R L ELR/A K. o, IBmmag
SIMENG R 2S [ A3 AR 4, JERTIE AR X HEN &
T Z BRI . NiTE % = K AR X
B LS, B R AT RE S TN R AT AR
W Z B T YR, B B X SRl
Syl ARl B S T NI A A, Ik,
Ni 75 52 1 38 0 mT BB 34 57 2 A IR e S5 N 2876 3 i
A

JL R HT20364ECrkb T18 ~ 107 mg kg ' 1],
PILE R SR T AR MELL T (Kle) o &
i (73~ 107 mg kg™ ) XIRA F 5% 2= B AR I0 1K
Gy S RS B LA /N A3 DI L 3B M XY
U EL BRI BH X A AR 3R X, X T RE S % o R
AR HBERA G, Bn RS 2R E 4 e It
A, FFR A FERR AL EAS AR 25 5 i K e 4
JEAESE Bl e rh LR, R B AN Y Cr
G T AT, FR, B RS
Cr. Nigy A5 g R 22 32 222 - ) A 2 A sl
BERR . BAR Crl B S 10 oA 36 3 R R - R )
PrRofEpiEe g , (H 25 2 B ICHS 70 DX DA K 3 ] A
BE 4 590 DX 3BT A7 A Gt Y RV, 7 224 SR BUAH 7 )
FUBERS i, AR 1E 3R 25 25 K B 2 B Cr b5 5
3.2 Zn. Cd. Hg. As. Cuf9IBETRE N

R A8 AR SC BT 3 2 1 T R ), 38 AR R e B
7 7 45 2 b 5T 17 203 64F TR o0 K A9 FREET5 4
B MER KL, DA AR SR E 1T 45 J0 R A T b (1A
2a) o JLHUTZn ) FUE L0 RKER 4 Ab T IR EE X, X
T PH XA SR 3 i X LA B/ INAT T b X KU e v (e
), InWIRENS RN S . BIRER, Lok
P FNLLT T X R o A —E S L (R B
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County Boundaries

TOW}IShip Boundaries

38N48 mg 1lzg’ll
= 40~50 mg kg™
VEE T = 50-63 mg ke

-+

{5 Legend

County Boundaries

< ZEAIR

Township Boundaries

3~28 mg kg!
= 28~33 mg kg!
= 33~43 mg kg'!

N

%%

FElf5 Legend
—H5

County Boundaries

- SRR

Township Boundaries
18~58 mg kg'!

= 58~73 mg kg!
= 73~107 mg kg!

01530 60 "
K1 JbatHi2006—20364EPh, Ni. Cr=FhE 4825 |A]
A

Fig.1 A spatial distribution map of Pb, Ni, Cr in Beijing in the
period of 2006—2036

H1 685 m) ML X B REX A, FESH
A B XA A /N R - SR R R Y /03 40
X, WX P s X . RibIX | BRI
A5 Hi X LA R A AT b DX 5 A S SRR T8 B X
(/NI 43 X3, A A A0 45 3 BH DX P R 0 9+ /UL
JEHLIX . EEXMMEMS . RS IR I E
LS AT /INET 1T M DX /N A X e, (SRR Ok
FR A8 X6 Zn 9 4 J5 3 43 A 0, 0 B X 0% R AR T e
Znil R, mik779 (mg hm™2a™) , [HIL#EIBH X
At T At s DX 7o B T 2 31 R £ DR AT RE R
WX A& A . RERAHR R, M
WA R B K, IS Zn i & B s A% X
Fo B X Zon XU A 6t A X 450 g, ol DR S R A
BRI AR e, BRI B AR 2 DA
BB 2 A WL (4 R s e

A6 T Cd A ke 1 B8 KBS R SR 4 s, o KU
DI AR P AU AR EE AR A M L %L BH b
DX LA RSN %% 2 (3B 4 X ([E2b ) o B A
P UL VG i S5 43 il DXy IR o LS L L X, (LT
AbF LR . ARYE L OSCE A RLAL . 4R U2
KR IEARXT CAI DTEREE KN R 15 K W (69.8% )
SEEM (29.7% ) > (0.5% ) > KAV
(0.2% ) o FIEATIL, V57K FN 6 & 256 X Cd
M DTEREE R, PR AECAfgR B b, B X X
FR VR S 4% . b Ah, RathafiSahu 47
e Cdt i NS0 sk ARRBE AT 2%, Rl
WEWE, KAVTRE, RO 8 DL R A HoAh 3 B
Kook H 4 BCAp g s Y 4 ) Wik, dt
5T 203645 19 C.d 1 75 Tk 1 in vl BB 2 55 A Il i % <5
PV G B A 5. X T E M R 2 A b 5T ¥ K
BEIX CA i T5 YL ml e i T20 22 v )5 K Ay T5
VHE KV B8 A A BT T Y, S C TS G T R
KB TR R, % R S B
2 R G R Cd XU A X 85 e 1 B R, B
R XIRTS T R, B 25 Rk CdTs B piih
FE it

A6 5T AR Hg ) P85 IRUBS E 6 1 22 A A A2 A28
T B A RS X B A T P M 2, B LA
[ S AU 2 A D A N <5 = W B S 7 3 12
(E2c¢) o BEZGNIX A LG X 0 oo R G,
DA K 25 R 20455m k2 42 17 21 1A — A~ R R 0]
B X AR O % . s RAEGUIX
EE R A /0N o i b 5 T 2 KB X Hg ¥ Ak T J6 21X 2%
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Fig.2 Potential risk probability maps of Zn, Cd, Hg, As and Cu in Beijing in the period of 2006—2036

B, [ B Lt 8 b s T b H g R
P BRIERNA 0L R G RSB, it R T
WEUTREAETHAL T HE A 13 rp 00 il Hg 32 A
WE AR, HEEE L SORK Y5k, Hels
YT AT i) DU JH 5L

JE ST A e A s B BRI KU AR R, T G ) #
PBEZn TUE G E L, BT IE . BEM
HR g ) I, G KU 25 X ) B X £ 50 ) 75
X (F2d) o WLk EHX AN —EHE (&
KEEE A4 500 m) MR IX, HA Ty
WX o BREDRAE DU AR AR A A s 1 R
R R TS S R IRG AR oR Y
BT, 3500 BE X F 55 il X 14 A s 1 3 5 XL I T 6 2
B, HUATRE LS Y A AT S AR T B A
WEAb L B AT T A s 5 Zn (10 T4 e 348 R 1 25 i) 43 A
ZERY R BORL, LI ZnFIAs BA — 5 1Y [a) Tk,
BB A, X5 R A G,

JE T Cufy R R RS B AL T T |
Fep s = AT G (F2e) , Culff BRI XU AT
B o FLRUBS: M 3R 458 o 1 2 g 31 XA I S IXC
ROTKET . TR TR . PN R SR A B IX A 4
TR B R HE Ay X, L e B X A B AN AT

T M X R A X . CudC B — A7 7E T AR 25 Ml
Woivg oKk, AU AR X AT fg SR T Al A
VEFRZE S 2 MBS R G T A, 4RI +
B Cuy STERR KN A E EIEME (77.50% ) >HE
WK (22.41% ) >fRIEHEA (0.07% ) > KAV
(0.01%) .

4 45 ®©

2006-20364F ], JbaiTiPh, Cr. Ni—Fp4:
Ja PV AL T I E ], ARk B - A
TR E, SR N, PhRY EE X
AR EIRIX BT, RATORE AT g2 L E 2RI
ARACEAICr. NigrmARE S, WAERRR K, DR
TURH R B R . JE Rt Tl Zn . As. Culth T
LT 5 HeMCd 30 T A [F) #8 B 0 2 7% Fn
KO HAVE 4R 0 R & T e B T
B AR LS, R KNS, Hrp
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Regional eco-geochemical assessment of mercury in soils

EARLY WARNING OF HEAVY METALS POTENTIAL RISK GOVERNANCE IN BEIJING

Jiang Hongqun' Wang Binwu'"  Liu Xiaona® Zhang Weiwei® Li Hong” Sun Danfeng'
(1 Key Laboratory of Agricultural Land Quality, Ministry of Land and Resources, Department of Land Resources Management

China Agricultural University, Beijing 100193, China )

(2 Institute of Comprehensive Research, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China )

Abstract The probability of heavy metal potential risk is gradually increased with the development
of industry, agriculture and urbanization. Early warning of heavy metal potential risk becomes one of the
hot topics of the land environmental risk management. The methods and strategies for risk countermeasures
of heavy metal pollution was developed in Beijing study area, and the prediction of variation trend and
environmental quality risk was calculated for the next 30 years. In Beijing study area, input-output flux
model and heavy metals accumulation rate model were established at town-wise units by taking into account
the datasets acquired from the literatures, statistical yearbooks and field survey. Fluxes and accumulation
of Cr, Ni, Zn, Hg, Cu, As, Cd and Pb were calculated following the material balance principle in 2006.
2006 results as a reference base, the trend and environmental quality risk of each heavy metal was estimated
based on criteria of the early warning system for the next 30 years. The spatial pattern of the trend and early
warning for each heavy metal was interpolated by the probability model of Kriging. Results show in the next 30
years, (1) the risk of Pb, Cr, and Ni were relative lower, and their concentrations will linger below Grade
IT criteria of the national standard for soil environmental quality, and the other metals will be over Grade II
criteria of the national standard with different degrees of environmental risk. (2 ) Compared with Ni and Cr,
the high risk values of Pb are mainly distributed in the urban area, where primary atmospheric deposition.
Cr and Ni content are higher in the northeast of Beijing, where the corresponding control measures should
be taken. (3) Cu, As and Zn will maybe reach medium level, while Hg and Cd may be up to alarm level
three and level four. As and Zn have low potential risk with the similar tendency of heavy metal potential risk
early warning, indicating their homology sources from soil parent materials. The risk of Hg and Cd will vary
spatially in warning levels and probability. Among the 8 heavy metals, Cd will be highest in environmental

risk with the large areas, and some of the risk will mainly spread in the far-reaching suburban related to
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agricultural activities. The high Hg risk areas will expand with the urban sprawl largely by human influence.
Firstly, eight heavy metals show different environmental risk levels, relevant departments should make
difference control measures for different regions according to specific environment risk levels and types of
soil heavy metal pollution. Secondly, the geostatistics technology coupled with the regional flux model could
provide an excellent technical tool for macro-scaled early-warning of regional soil heavy metals pollution.

Key words Soil heavy metals management; Input-output flux model; Probability Kriging; Risk early-

warning; Beijing
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