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Sampling

RUAN Xirling"?, ZHANG Garrlin"?, ZHAO Yuguo"? YUAN Dagang"?, WU Yurrjin'"?

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Seciences, Nanjing
210008, China; 2. Graduate School of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: The vertical distribution of heavy metals in soils profiles is a result of heavy metals accumulation and migration under
combining influence of edaphic factors and environmental conditions. It’s an important basis for evaluation of heavy metals pollution
and remediation of contaminated soils. By traditional sampling methods, 1. e., soils were sampled according to pedogenetic horizons,
only very general information about element migration can be learned. In the current study, three sites near a steel factory were
selected to represent three types of land use, i.e. forest, dry land for vegetable cultivation and rice paddy field. Soils were sampled
horizontally by high-resolution sampling method. In the top of 40 em soils were sectioned in 2 em intervals, then 5 em intervals in
next 40 em, and 10 em intervals in the last 20 em of profile. Total content of Cu, Zn, Pb, Cr and Cd were determined. and the
vertical distribution of Cu, Zn, Pb, Cr, Cd in every profile was analyzed. The results indicated that enrichment of heavy metals
appeared in the upper most layer of the natural forest soil that without any anthropic disturbance, and this phenomenon proved that
heavy metals were coming from atmospheric deposition. We found that Cu, Zn and Pb moved downward in a short distance, Cd
migrated relatively faster than Cu, Zn and Pb, while Cr had no recognizable location of migration front. In the soil profiles of dry land
and paddy field, there were influences of agricultural practice, the distribution and movement of metals were thus different form those
of the forest soil. In cultivated layer heavy metals were evenly distributed because soils in the upper layer were mixed by cultivation,
however, bellow the cultivated layer obvious migration took place again. It is concluded that different heavy metals have different
mobility and there is such a relative order: Cd> Cu> Zn> Ph. The study shows that the distribution pattern can be obtained with the
currently adopted higlrresolution sampling method, than traditional horizon sampling, and more precise migration distance and rates
can be estimated.
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A BORAE, Br Cr Mifssh, HEERRITRS A



5 7

Bt #* 1023

SRMRHIAR GEHEACHA ), B T L3 BEBT I ARMLYE. M
AR W S AN (], 56 1 3 22 5K A LA
g T FEABIF AW B BLR, MAELRZE 10em LA
WICH & B LRSS, X B AR th T BHE L 3h
%R IR A WA R FEEMHEIZZ T,
IX LT G JE 70 AR B ) T 2 M B A 1
Zn Cd 1£ 10em LAF B2 0 BEAK, FL3 40em BT
FEAFGSE. Cu Pb Cr L BAAA W Zn (Cd B 2,
B SRAT B A A e F, & AR RS AR BE
PP B, 3 v () 3 < e AR 1K) F i L m) IS,

Pl 2 1 N3 T S s 00 L 35 T Cu
Zn Pb Cr \Cd {534, nf LA i, 76 3 19 20 A X
5 HARFN R4 1F R AR LE 22 AR K, B e R 2 1)
AEHARRL N KB 5 1R R, 2 080 1R IR 2 ik 3
20cm JeA7, PrUABTAT IX 4L I0 R AE 20em LAY SO0
o IR AFIE. A 20em 3 52em X nfLLAr Ky
B 1S AR L AL, JErp A 25em B 27em Z [0 47— A
/N FEAE. JLT- AT G # AE 52em Ab B 2 B2 AN 1
T I AR, 7€ 57. Sem AR HS B 1 ANUE A, A
62. Sem ARLLF & 100em [ 1 2 %% 7 & & T
. TG AR LR L IR AS AT S e i AR A,
HA5 02 1) 25 B AE AN B T L i) AR 3 — 2 RS
FH ¥ T <3 e F) X ol 20 A A DX O K 2% 0~ 20em 5
A B B S5 1, A b R 5 8y
5], BN AE 33em LU L 2R 23N 4k
&), s UL A RZS 1) RIS . BRI %
T BEBUR AT b B, A7 15 EC B W] S 1) i 2 1
ANEEEE(lithologic discontinuity) , A FE 43 & (1) 4
Ak BN T b B AN (952 W1, 30em Al
57cm PR 1) 5 B 5EAL AL 1 LR I 45 2R, 60em LA
NI AR T L g BE S 25 ¢, 7E 70cem ~
80cm LATF - 1 (1) Joit M2 Ry 5, i ok i 38
.

T A A i LA 0 e A 0 A, K
B Cu Zn Pb Cd 7310 1 5 L2 (8OPHE 2) & &
fogre, 16 RIERZT I — s Ju 0 2 b A
TR BEHTFRAC. X R AT 2 ST REMIRRE, —
I ARIT R 45 3R, 1y A& R S22 i 2% Bl I (1] 1) 328 8
o, BT LARR J2 & BBy O WD AE VR s R 1 1
TR ESE ) T A AR T
Befty =, BT LI Rl by T AR I o A A 2 v e
B BIER, AW R A MR TR
[ia) T JE A% VAR B B AT I 0] 328 3 189 I, 78 B AT Ah R

DRI, Koz 30 AR v e ks i BB, iy
AHIEFUAITAG 2 1 45 S U8B H T A R TR R K
T FIER ) aE %, BT LAUIAR 4EHF b T AR
s N1 FIT A Cr & B0 A b AR o e e, B
RIZ BRI, 7T HE LS 7w L3N Cr 2D,
RV ST AE HI K S35 Cr A7 Ik 2 380) 301 T g v 355,

WFgEda i, LR T pH " AL S DT
Eh 5 B2 85 & H (CEC 25 #0527 4 J& (0 I A F1T
BV G, BT R B AT U
[F] s, -3 fe AR 1 W8 R 45 ) 4 ) 1) R IE BB AT AR K
(RIBELAE £ FH, A 73 3 &2 ) 1) R AT B 21810, EAHT
FEef, N1 Cu Zn Pb (Cd (443 AR 58 356 W 78
3 R A BT AKIA BN YA PR R,
AL IR PR AL BB G, % R
J7EATYBR GE LR 1 Hh A8 718 55 4 S 110 20 A 25 ¢

3 A 4 AR R AN [ 1) A R Y O 5, oAb
Y N T 1 7 AR AN [R)L R 3 AN T 1K T R
A KA, AN G R LE 1 AT L 2 A A 58
AR, AN [7) 28 B 1 50 17 2L 3 4 0 1) o0 A A — .
N1 T 5 A T AR 32 A b T bk, HR R 41
T4 BRI T KA DR, i b A R T
ASZ BN N (5% W), T4 A 398 1) 3R 2 1) T 8
BEAG, JERE (R BE S /. BT (1 — e F S R W, K<
DU CLZ8 a4 BRG] A 1 398 36 22 0 4 s 110 ok O,
A7 & T AN Ok S By A fig S
Fl' I8 N2 AR A, KT R il %
iy K 58 B A i N N3 T D KRS L, TR
G JE R EAT BRI AT DT R i IR S, SEE K R
LN SRS N2 N3 R 2523k HHE 5%
), FARAEMHE R A S LT 2 NI E SR A R
¥, AN K, BHEE Rl 3R Z 21
TRAIEH, B8 ORI S N FE T ) TR, hnas
THESE L. N3 BN KLY, bR
IRBRN 3 S N0 M1 1 0 7 VR R R I
FEBNBsh2 b, BT A BERR B A fUR
HELEYE, BT UL 4 8 1 2 A sk & n T BERR G 1S
SR
2.2 AN[A) A A AT AR S R R AR

G b, 3T A 0 B A 4R SR E 4R BA I AT
5 4R 20 (R E 2 5, BN SZ Bk, IR AN ] fig
DI b NI %A, HURRNG O A LR ] Rk )
RIS g aT B iR . (R, el T A B B R U5
AP O] REASIR], (7)) 10 5 2 b A Bl ] REAE AE
S I 2 5, DR FH G 28 R P T 4 Ll A 0k () 905 B J



1024 B oW

B 27 %

FEA L vTAT IR, 10X BE 5T AT B8 A7 7E AR S 1) 47 0 A
RZ. R T T R RS ] RS, A 748 ] AH 0
S 1) Ti O & 5ol AR IO AT AT T e, 16
T b A T A A Ak, ME R B B e T
F200 oy Uk - b R e & T RS 4
stk e R A R T F RS S RE G E Ti ik

(Cw/Ti)/x 102 (Z0/Ti)/x 103

0 5 10 15 20 25 10 15 20 25 30 35 0

(Pbrn):xw -3

JE R LEAE, 50T LA B R mal 22, P 3 iyt N 1
HITi e Cu/ Ti P/ Ti Zn/Ti Cr/ Ti Fl Cd/ Ti 1843
Ak, w3 AN P TS Rk, T NT N2
'm.i%ﬁ"f_-l--.-n'ﬁ)ﬁ, Ti 95 LRI 5, ZZ0AN K
3AEKILIPRW, Ti & &5 N1 N2 A 1
ZE R LT .

(c:rn);x 10 (CA/Ti)/x 106

10 0 10 20 30 40 50

0 T T T 1 T T T 1 I
10 ;."".d ‘;.&M

20}

30| ‘

40|
soF ¢
60 |-
70 |-
80 J
o |
100 L

BEE fem

b—-—r—hrwm -

T

E3 #hig @ N1 Cw Ti P Ti Zo/ Ti (Cr/ Ti .Cd/ Ti 5375
Fig. 3 Vertical distribution of Cu/Ti.Ph/Ti Zn/Ti Cx/Ti Cd/Ti in soil profile of N1

M 3 ol LUE H, N1l & E e S
Ti LEAEAE ST b2 A, L4 A 8 X 3 4 J® 7E %351
T 16 23 A B AR 7). E AT, 48 g
TE - HER R 2% )22, B0 T 1) e 22 A 2
i /T DAAE Dby o ) ) A R AR X T N1
f‘.i-lJ'[Hj,IkI}E_I.Jz.-JRx@IJ/\}H)LzJJ,fﬁJﬁ)ﬂ’«J (1) 3%
+, RIERL 60em LA F 4% )25 Ti 1 A 0 3 4
1 1% LB SR AR A8, AR5 F AR N 1 2 f5 ks ik
FENE A ke 5 G 1) I SR K A 0 T 42 R 3T B8 1) BE
2. R TE LIPS ik HERG
S, R LB AR 7R AR R A R KA TR DT R
KA TFLE, 18] B o] DU G d5 56 DT R 11 3 42 )8
IR IR S5 KM Ak TR 1B, R DA k) )
P77 (1958 4F) F S FE( 2004 4E) (19 15 6] 1 Ay 52w (1)
IR 1) R A 57 4 B 1 41 T B L AR 4 )
5T A B TR, N1 ST & s TR R
BRI WL 2. N2 A N3 i i 152 Bk s,
FOr i) HE 42 R 1T A8 T8 B AN 1.

M 2 'uj'uﬁuwﬂﬂ’]iﬁzﬁmimh%-'m
&, u&-#ﬁf'{f?ﬁ:éami&ﬁr{’ﬂtﬁéﬁjﬁkﬁ [ 11 7= A 11
AT LA, G S G R AR AR, K G e R T
SIA AR 2055 s RS R, TE V2 e o 1) PR AR T 4 0 7
T T R R . SR e B R SRR v fie s 3K

F2 NIHEESEIBESMREGH
Table 2 Estimation on migration distance

and rate of heavy metals in profile N1

SEASF i fliihid 45T

A —
TE X077 f’:ﬁ[f . 'E”fgffi B Bk
(i JE> 60cm) fem  femra !
Cw/Ti 6.54 0.15 6. 85 29 0.63
Zn/Ti 19.69 0.30 20.28 15 0.33
PH/Ti  3.93 0.07 4.07 13 0.28
Cr/Ti 12.01 0.88
Cd/Ti 12.38x10°° 0.80x10"° 13.98x 10" ° 35 0.76

YR 22 3 v T 4 I A I 40, B s il v T e
IER BE RS ARG RE. VF 22 W9 3 0 1 6 7 - 3935 1
LI A AT AT T HESE. Chicharro S MHF50 T
— R SRR T ) L) g, ME SO ) ROk 8 i
KA G DT 23 5 L srh, L3RR 21 0~
2em L IEF) Cu Zn WPb \Cr .Cd 5 JC % M5 & 5
e, [) B AR, (AR FE IR AT 10em G
WIRAT B M. Sterckeman 250 2 VifF9y T v:H b
) Ph Zn 16 8k) ] [ F v Y A% 7K K 45 Tl o]
WP R B Ph Zn (Cd 814341, Pb Zn
Hed i gem 2wk 0.4~ 1. 2m, Cd Zn
£ 1A PPRL LR b B IR BE vl ok 2m; AR 1 HEAR
R A ERHE, R LR R REROR, LRI R
PRI R BOIE . Erel 205 25 7 ¥ 4R o J



5 1] *om B ¥ 1025
’\E%P‘?‘J%WJ 58 S AT 2 AL 3 ELRE HE S VR [ 7] SWEE, JMRB, S0, 5 BRITOGOBEE T & v, N
4o HI Co (53 A 5 1E .LII%HLrE'IHIr.:H\-L‘l Mrd). T E AR
3 BT E R S E D LD .33~
0. 8cm*a LB*UF?W@%*ﬁk fH E‘;jg [“]'zﬁ | 8] Huang C C, Pang J L., Zhou Q Y, et al. Holocene pedogenic
Fre] mjtﬂ{] H /\t%l&ﬁﬂ‘i?mljig 'f}—l % LA j] H'i? I.‘Ilal]g(“. il“l] tl](“ Hm(-‘.rg(-‘.n(‘.H &Iil(l (I(“.(:lii’l(“. (}f ra{]’rrl‘.ll (:l‘.r".al
S Ph (TR VAT 5w agriculture on the Chinese Loess Plateau [ J]. Quaternary
. . N . Science Reviews, 2004, 23:2525~ 2535.
MR 2 ] LATESN N1 S5 op 45 Ao 2 7E 3R (9] KN, WARSZ, 5 s, . W50k ) MK 8 7 4 i 4 <
B RIE R R A —FE, R T e R R A BB SN MR ), 1999, 23(3): 67
LRy 1 5 99 1% ill"J" F51: Cd> Cu> Z -0
gﬁ“ﬂ J‘M Hl T m T“ﬂm BTS00 e, RN A BT M . b o
. ZMM* 4 '—3 Sterckeman 24! ”T-.{i;lio‘f%%ﬁ} [11] oA b S SO AL B30 SO0 B b HEh 35 T
H Cd> > Pb> Zn (45 SR sz 4 # A 5 S JUHM FIATE BT[] RHEAR, 1979, 16(4) : 319~ 328.
el 25] g ; [ [12]  #AlT, SRR, AU P S S i et o T G o AT F £ 5
'ﬁ_l_‘ T'Jf?{%j;l.ﬁﬂf%@ﬁ’] Cd"_ (;")__Pb é:ﬁiﬂ 28 [J]. R RS BEBEFE A B4k, 1995, 12(2) : 185~ 190.
5 &El aLlLJ’[ %l ]T:F—l?‘l_.ﬁ{:‘ﬂ— ﬁl] lﬂ.l I ’h}F 5"?:{]1 ILH I‘f"J Cd [ 13]  Dilek G Turer, Barry ] Maynard. Heavy metal contamination in
> Pb Hf] lﬁ ﬁ Cr &Mﬂﬁ fUﬁﬁE‘JLt}EEH{D{]#,‘; highway soils. Comparison of Corpus Christi, Texas and
) K =Pl T- %4 0 B )] 22 96 | . Cinecinnati, Ohio shows organic matter is key to mobility| J].
kf)h%’ &ﬁf‘%;h\%{, ;Lll*g’/ﬁt’.#q*[ lﬂi’_}r‘ﬁ /LIU'L Clean Technologies and Environmental Policy, 2003, 4( 4): 235
ATTiE HAER R - 245.
. 1141 Mebhid, 253, TR RS D TG M. dbn: Bl
3 gg-l'ﬁ fitk, 1996, 174~ 182, 271~ 273,
e e [15] IB}'H';‘fv'ia" M LR E RN AT O IR AR M.
/‘I\ﬁﬂ‘jtﬁm, ﬂﬁ}:ﬁ IW%EE{JK$¥7§‘?‘£ Hg;ﬁtf% I:I.’; O BFE N AR, 2002, 127~ 130.
téﬁ&f;&_}j;ﬁﬁjﬁ F‘ﬁﬁj ]:I{j ITI%ET + ii%‘{lﬁ)'ﬁ‘—/{:ﬂif [ 16] Hcatcrhcrg D. Biogeochemical cycles and processes leading to
‘@F{J#‘J"ﬂ: I‘D {” %P‘ %QJ—‘H EI _I_j_.k};rg_rg | rI{JEJL\ + ::‘hangeﬁ in |||r||)i!it)’_ of chemicals in soils [ J]. Agriculture
o) _t F,('rlsy‘st(-!ms and Environment, 1998, 67: 121~ 133.
%EPH}]§+E CU Zn \Pb .Cd H:;L I\EE,]J— ’ﬁ [17]  Nriagw J O. Human influence on the global eyeling of trace
/I_\Ihitlz Il-_l‘.I Fﬁtl_-‘i%)‘_:_—_!‘ = % 'f}_{ 2{'5 |J_|t)|_,7[: |_‘H:ﬁ J_'L E|<] IIIJ t‘jl metals | ]]. Palaeogeography, Palaeoclimatology and
%é; ]‘B-th;;{)zf)h E%E 2] {E/\M_X)\ ST f‘IPUL%gf Palacocology ( global and planetary change section), 1990, 82:
113~ 120.
I]Fﬂ %E;)i'f&f[‘(‘#‘] h:"%—F mﬁﬁbﬁnghfé fljﬁ@fmgﬁ [ 18] Hernandez L., Probst A, Probst ] L. et al. Heavy metal
?_" )\)J%&J»Fﬂﬁﬁ?ﬁ'i/‘%;bﬁ um —FH{J—'T[—-.H?,I‘E /k I-{] distribution in  some French forest soils:  evidence for
_L}ggq] }b% ﬁ’ﬁj G{J*EJLW ‘U’Xil III"J JJ_L_“M‘#@,/L al mnsphm'i:: contamination | J] The Science of the Total
Environment, 2003, 312: 195~ 219.
KT i e PNy e
R ICE LR 23 B, e G 5 AERE TR Ti [19]  dRJYW, BRETE, S ek, vl K 1 4 i 4 d ZBLEE I K 22007
FRVAH R EGBE, W DU S A7 v % b G 2% 75 -+ 33300 i oh FI]. 14, 2002, 2: 90~ 93.
(TR BE B A5 ST R . 45 £ ), Cu . [20]  fHE, T EG R I E B I A7 3R b L0 M R Al
ST e B ey T 3T ; [J]. BRI, 1997,13(1): 21~ 25.
Zn Ph ‘Cd Fmﬂ_:@ﬁb )‘J 4\ : ﬁgﬁt‘ }J n{J }Hj XTJ- "E gf]l [21]  EgliM, Mirabella A, Sartori G, et al. Weathering rates as a
’ﬁg“—FJlIﬁU? Cd> Cu> Zn> Ph. function of climate: results from a climosequence of the Val
&% ik Genova ( Trentino, Italian Alps)[J]. Geoderma, 2003, 111(1
[ 1] BAdRE. BRHE LM M), Jbst: By ek, 2005, 216~ ~2): 99~ 121
219, [22]  GOEE R, AR aCH O, ek 2. EL ARSI 4 00 T 4 Jad i Bt
(2] HIER, 009R, AR, o b s B T E AT B WESEL ). FREERISRETL, 1996, 9(2): 47~ 51.
SRIEYIERL ] AR REERETT, 1995, 2(4): 51~ 55. [23] Erel Y. Veron A, Halicz L. Tracing the transport of
[ 3] Sterckeman T, Douay F, Proix N, et al. Vertical distribution anthropogenic lead in the atmosphere and in soils using isotopic
of Cd, Ph and Zn in soils near smelters in the North of France ratios| J]. Geochimica et Cosmochimica Acta, 1997, 61( 21):
[J]. Environmental Pollution, 2000, 107: 377~ 389. 4495~ 4505.
| 4] ‘J"lf-"‘}”-'ﬁlj, e k., IZJ\?i{. 2k LHEX R TSR RITE S |24] Erel Y. Mechanisms and velocities of a||t||rn|mgeni(: Ph
AP IR PR AR ). MBI RS, 1982, 3(6): 7~ 10. migration in M editerranean soils| J|. Environmental Research,
[ 5] Ettler V, Vanefk A, Mihaljevic M, et al. Contrasting lead 1998, Section A 78: 112~ 117.
speciation in forest and tilled soils heavily polluted by lead [25] S, BB L . Cd Ph.Cu Zn As U5 RER
metallurgy[ J]. Chemosphere, 20035, 58: 1449~ 1459. III’I&ﬁ?fcfﬁjﬂ#}zdjé\\{dhnl J]. FRELRLE AR, 1998, 18
| 6] Chicharro Martin A, Cala Rivero V, Larrea Marin M T. (4): 407~ 414,
Contamination by heavy metals in soils in the neighbourhood of a | 26] AT, AL T RO s e A e R 0 i 4 A

}i(fl'ill}_\"i]rll ()f lliﬁl'ill'lll‘.ll \'l‘.}li(flﬂﬁl JI. ’r}lﬂ Sl'i(‘?ﬂ(fﬂ llr |}1i" II‘()ull

Environment, 1998, 212: 145~ 152.

B AT AW ——LLr i AP L )]
2000, 17(4): 39~ 45.

RN ER TSI



