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Distribution of Heavy Metals in Humic Acids of Iron Mine Soil in Upper Area of Miyun Reservoir, Beijing

NIE Yi-ning', ZHANG Ai—xing', GAO Yang', JI Hong-bing"*

(1.Civil & Environment Engineering School, University of Science & Technology Beijing, Beijing 100083, China; 2.National Environment &
Energy International Cooperation, University of Science & Technology Beijing, Beijing 100083, China )

Abstract: Interaction of heavy metals with humic acid(HA ) in soils may affect their movement and bioavailability. Here we measured the
concentrations of heavy metals in iron mine soils and humic acids extracted from the soils at the depth of 0 to 20 em and 20 to 40 ¢m in the
upper area of Miyun reservoir, Beijing. Humic acids were extracted with a method from International Humic Substance Society (IHSS). The
concentrations of heavy metals and humic acids were determined by ICP-MS. The relationship between humic acids and heavy metals was
analyzed by correlation analysis and enrichment factor analysis. The results show that the average concentrations of V, Cr, Co, Ni, Cu, Zn,
Cd and Pb in the soils samples were higher at 0 to 20 ¢m than at 20 to 40 ¢cm. The average concentrations of Cr and Cd in humic acids were
lower at 0 to 20 ¢m than at 20 to 40 ¢m, but those for other metals were just opposite. Soil depth affected heavy metal association with humic
acids. Significant positive correlations were found between V, Cr, Co, Ni, Cu, Cd, and Pb and organic matter and HA, while significant nega—
tive correlations existed between V, Co, Cu, Cr, Ni, and Zn and the ratio of HA to OM(HA/OM ). The enrichment factor analysis showed that
Cu had a greater affinity, but V, Cr, Ni, Zn and Pb a weaker affinity for humic acids. Compared to soils at 20 to 40 ¢m, V, Cr, Co, Ni, Cu, Zn
and Pb had a stronger enrichment but Cd had a weaker accumulation in the humic acids of soils at 0 to 20 cm. These results indicate that
soil humic acids from different depths have different metal accumulation characteristics.
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Figure 1 Schematic map of studied area and sampling points
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Table 1 Grades of contamination degree by enrichment factor
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HLIT R & FEVE A 0.77%~3.60% , AL Ju R, A
U e/ IME BT S10, R FIekn X 222 1,
AP B R BUAE S4, S ERR ML 3R )2 1 5 SR
() Fr FE Y R R 0.028%~0.183% , F-34{H K 0.055% ,
AW 551 2.65%.

TERFEIREE N 20~40 em i HIERE S P, pH (B
B IR 5.85~8.06, 53&)Z2 L HEA L, B T S1 Al S4 £
GhpH B2 5N K A HLE I 7 & FEl A 0.60%~
2.36% , F-Y{E A 1.28% , KB/ FKAE 5 20~40 em -
WA DL & SR T R )2 SR & R R
0.028%~0.134% , -31H K7 0.045% , 545 HLJGT -3 &

R 2 BmAKELFSA X138 pH ERBHUR(OM)
HEE(HA) RS
Table 2 pH values, organic matter and

humic acid contents in soils

KA REEEE/em pH OM/% HA/% (HA/OM)/%

S1 0~20 7.40 2.27 0.100 4.40
20~40 5.85 227 0.125 5.51
S2 0~20 6.92 0.75 — —
20~40 7.30 0.81 — —
S3 0~20 7.61 2.94 0.087 2.97
20~40 7.92 1.72 0.034 1.96
S4 0~20 6.89 3.60 0.183 5.10
20~40 7.83 2.36 0.134 5.70
S5 0~20 8.08 1.38 0.028 2.02
20~40 7.88 1.49 0.033 222
S6 0~20 7.82 0.89 — —
20~40 7.29 0.60 — —
s7 0~20 7.72 0.84 — —
20~40 7.60 0.81 — —
S8 0~20 7.78 1.57 0.072 4.61
20~40 7.65 2.01 0.049 2.46
S9 0~20 7.89 1.13 0.053 4.67
20~40 7.62 0.93 0.028 2.99
S10 0~20 7.45 0.77 — —
20~40 8.06 0.69 — —
St1 0~20 8.06 1.76 0.142 8.08
20~40 7.91 1.64 0.134 8.17
R 0~20 8.08 3.60 0.183 8.08
20~40 8.06 2.36 0.134 8.17
e/ ME 0~20 6.89 0.77 0.028 2.02
20~40 5.85 0.60 0.028 222
FHIE 0~20 6.97 1.50 0.055 2.65
20~40 6.91 1.28 0.045 242

T " FORARREF U ST BB % . HA/OM Syl
R PR SR .

T 2.42%, SAPLARLL, G TSR R, Wi
PR O TR
22 tEHRRAEEBRITES BN HIFIE

ABIFFERT AL i AT R ) V. Cr Co (Ni
Cu.Zn Cd F Pb & HEHEAT TIN50 B , SR TR
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R IX A R TS YT O o 0 A R S L e
MGET 7o BT LR 3. 45538, R Pb Ju R Ak, HiAth
EAJE T R EA O L/ Tt
SOELCr RN JCREFEE T 125, AFERFE S
[F]— VR E3ERE S Zn TR S AR A K (99.1~
71.6 mg-kg™,99.5~66.6 mg-kg™), ZESFREH 0.09~
0.12;Cr Ni Cd 1 Pb JCE 1Y & i AT RO, 28 55
FECH 0.4~0.6,3% 4 FIICE oA BB — 8 123 (7] 25
Sk PSR X 252 31— e R ) AN Bl i,
[i] — SR A SN R R B 1) L 3 A S b,V Cr (Co Ni
Cu.Zn .Cd Fl Pb AU EASEAK B 8 FhEE 42 OC &R
FE 0~20 cm FI 20~40 em 3 4 25 FE L AAH A,
IR B 0 4 JR U R A I A A A e RN R
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3 WORHIBIRES G AE G E & SX N 4
R ES R TR IR A8 Cr .Cu Fl Zn JT
ROy S T HA 5 FooR , HAE & a0 h
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TREE ISR ) 43 AT REAE R B, S [R]RAE A AR i
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FEah AR, A TES BOR h H BUE 4R L T Cu JLRTE
BRI TP T8 i R AL Y 1.5 A% BT
FRXT Cu JUER WU BRI 28 VR AR SR . AR5 05 S5
T K E TR Hh AR R X 2 4 i 1) W of 45 Sl
T, MRS ASE Cu SR E T Cr Ni Mn,
Cd fV &4&)E, BHEIR TR Cu BA 5 A
M8 G RETT, ZMFEIA B = K ETTRR Y T i
Cu FZORIE T MLTE Sh A B SRR, AR 4
J& B2 T R TR W S48 o TEAN R R B 1 1 R
t,Cd JLRTE 20~40 em SIEER T ) & i LR JZ K,
HAh TR -3 B B TR B AR LA K, U S [R) R B
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Table 3 Statistics of concentrations of heavy metals in humic acids and soils (mg-kg™)
o TRETRIE IR (n=11) HA(n=7)
LA cm IRfH I/MH FRE bR AERREC kM wME CFHE ARiERZE RR R
\Y 0~20 144 759 103.4 19.5 0.19 48.4 7.6 114 14.2 1.25
20~40 146 76.9 103 20.9 0.20 25 11.9 10.3 4.7 0.46
Cr 0~20 333 72.9 158.2 81.2 0.51 58.2 11.9 19.9 15.9 0.80
20~40 357 70.5 155.2 91.1 0.59 49.6 18.8 21.2 12.4 0.58
Co 0~20 32 13.9 19.3 3.5 0.18 18.5 9.8 9.4 29.1 3.10
20~40 31.4 12.7 19.2 3.8 0.20 19.7 8.1 9 28.9 3.21
Ni 0~20 127 25.8 59.5 319 0.54 19.2 5.6 73 4.6 0.63
20~40 135 26.9 58.8 34.1 0.58 14.9 79 6.9 2.5 0.36
Cu 0~20 68 28.9 45.3 13.2 0.29 204 62.1 66.2 46.8 0.71
20~40 68.3 25 43.8 13.4 0.31 144 65.7 58.6 28.1 0.48
Zn 0~20 99.1 71.6 85.1 7.8 0.09 41.8 9.5 14.5 12.3 0.85
20~40 99.5 66.6 81.8 9.9 0.12 37.6 11 12.9 10 0.78
Cd 0~20 0.228 0.073 0.126 0.05 0.40 0.161 0.052 0.052 0.04 0.77
20~40 0.148 0.084 0.113 0.03 0.27 0.187 0.056 0.07 0.05 0.71
Pb 0~20 27.7 7.8 16.9 6.7 0.40 8.9 1.2 2.2 2.7 1.23
20~40 24.5 8.4 15.6 5.8 0.37 3.6 1.8 1.7 0.8 0.47
3 i Ko Cd Al P -S54 BT RTH B0 25 A S R B

3.1 TIEMAFNIARER ISR E RHE X ES

TEXT R X 4% pH {E A HLB & & SR
B RS AR b 8 AR 4R SR kT4t
SR b A T AR PRI AR OGO R LA T
XTIV Y Pearson AHOC R AL, 25K AN 4 FIE 5 R,
R 40 22 A M TP E SR S AR AR AE DG
FH, R 52 1A ADFE PRI S B ) 4R
5 AR PR AHSC R A NP AT DLAE ), L Erh i
G J8 FISA B0 v 1 B 4 R 5 LA S R ] A A DG 2
ENEILOE

MFE 40 IEH,V.Cr.CoNi.Cu.Cd 1 Pb 5
A HLTT & R S RIS TR A O
(P<0.01), Jf HAHC REE a3 —F, H V. Cr,
Co Ni F1 Cu 55 #LJ5T A1 A R 5 1 5 52 (2 2%t AH
X, Cd Fl Pb SAHLBTFISfR 2 B EA G, B4
IR 5% B AR REDTAR P A 1R 5 2 4 T 1 AH S P bt
FEINN, DLEW v 0 20 R 40 S 2 S A R ANl T 26
) EE SRR, TR TR 2 W B B TR AR X A A 1Y
U1 DT 55 20 R o — R B SR 4R . IR HL V.
Cr.Co Ni Fl Cu 2 [1] 52 9 W I 3 1EAH 5 (P<0.01), Cd
FI P 2 ) 5 55 20 A 5 (P<0.01) . B, AR 5
HHAIR S A 2E 1YV Cr . Co Ni Al Cu fRA5 Al e 22
A7 TR AL J00RE, 1T Cd RN Ph W) =5 25k 5 4 40

AHUT PR Cd F Ph 35 LIS SR 45 & B AFAE . TR
BFAT AR H, V. Co Al Cu tB 5B FIAT HLIT & 2
I (HA/OM) & 2 2 7 A5G, Cr Ni Zn 55 HA/OM & 17
A, L E & R A e S A AL & &
[ RZ I, 385 8 SRR A A LIS Hp 74 i 4000 6

M5 AT LUE 45 T4 R S TR i AR DS PEAR
IR BB AW <0.4 331 BB AR Th Y E 4
JE R S A ROR 5 e AT G, R R AR B AR 1 42
BUmaifb ol fitrp, 48 A e R SR AT RE & A T #%
AR — 7 TR ARSI BUIR S 5 25 1) T 4 B AR S AR i ik
B FNZE A VE R N AL IR ES A S ES R, 7 —
D5 TS R A A A 1Y T 4 8 fr $R 4l i B vp ke A= i
W, Al DL ARSI RRR S A BT A A . 3R 5 i ek
T AR TP E 4R T R Z A A AH &, V R Ni L Cr,
Pb 5 {3 AH EME (P<0.01),V Fl Zn L5 5 254 %
Mo RIETFFBTN N, IBIRES A A 4R 2R IE
TR ENERE T, R &R 5En
FHOCHE I 48 Z IR0 — s AR LB ] R R U, TRt
SRR A 5 A4 R O I K/ ] LA e AN 2836 3 i
AR
32 RN ESELTENES

DL SErE s b A B S o s, X V. .Cr,
Co.Ni Cu.Zn .Cd 1 Pb (& =5 Sc & B AR UEL
FUEI A, A5 3045 51 4 SR AE AN TR TR B 1R R gl h 1)
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Table 4 Correlation coefficients of heavy metals, pH , organic matter and humic acids in soils
\ Cr Co Ni Cd Pb pH OM HA HA/OM
V 1
Cr 0.676%* 1
Co 0.903%*  0.855%* 1
Ni 0.662%*  0.984%*  (0.874%* 1
Cu 0.866%*  0.829%*%  0.924**  (0.809**
Zn 0.475% 0.165 0.354 0.208 0.329
Cd -0.558**  -0.623** —0.534* -0.561**% -0.599%* 0.150 1
Pb -0.753**  =0.787**% -0.806%* -0.740%* -0.761**  -0.054  0.753%* 1
pH -0.015 0.053 0.043 0.042 -0.108 -0.414 -0.056 -0.239 1
oM -0.647*%*  -0.613** -0.633** -0.563** -0.707** 0.830%*%  0.710%* -0.252 1
HA -0.632*%*  -0.517* -0.615*%* -0.466* -0.730%* 0.010 0.608**  0.637** -0.227  0.842%* 1
HA/OM  -0.590**  -0.357  -0.530* -0.316 -0.668**  -0.169 0.387 0.482%* -0.031 0.550%*%  0.886** 1
T2 AE 0.05 ACECRUN) F ARG, 78 0.01 AU E AR, FE.
RS TENERIESESHNRNAFTRSENEXRE
Table 5 Correlation coefficients of heavy metals, organic matter and humic acids in HA
Vv Cr Co Ni Cu Zn Cd Pb OM HA HA/OM
A% 1
Cr 0.567* 1
Co 0.388 0.201 1
Ni 0.622%* 0.693*%* -0.001 1
Cu -0.206 0.036 0.346 -0.090 1
Zn 0.611%* 0.180 0.221 0.457 0.149 1
Cd 0.105 0.321 -0.032 0.078 -0.130 0.115 1
Pb 0.924#* 0.461 0.334 0.636* 0.056 0.773%** 0.079 1
oM -0.231 -0.633* 0.106 -0.577* 0.037 -0.287 -0.333 -0.184 1
HA 0.260 -0.216 0.252 -0.021 -0.076 -0.160 -0.408 0.229 0.698%* 1
HA/OM 0.583* 0.273 0.231 0.419 -0.103 0.006 -0.298 0.493 0.139 0.790%* 1

ALK 2), WTLUE MAEARITREE IR, &
BEEEITRNE EN 22U, 7F 0~20
em F1 20~40 em SAEEEE T,V . Cr.Ni.Zn F1 Pb 19 & 5
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ZELRE AR X Cu DGR B 25 G e AR 38, B
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FEH R, XA 20~40 em B R 5 32 2 A iR
1) F AN R IS AN R AL S AR 2S5 4
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A B 1 i o
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(1) AR E A X 52 Rl sh AN Al A
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Figure 2 Enrichment factors of heavy metals in humic acids
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