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Bioaccumulation and Trans'locatiéin Characteristics of Heavy Metals in a Soil-
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Maize Syst.em in’ Reclalmed Land and Surroundmg Areas of Typical Vanadium-

Tltanlum Magnetite Tailings

SUN Hou-yun'?, WEI Xiao-feng’* , SUN Xiao-ming'?, JIA Feng-chao®, LI Duo-jie?, LI Jian®
(1. School of Water Resources and Environment,Chma University of Geosciences ( Bel]mg) , Beijing 100083, Chinaj; 2. Beijing Institute
of Geology for Mineral Resources, Beijing 100012, China; 3. Tianjin Center, China Geological Survey, Tianjin 300170, China)

Abstract: A total of 86 soil samples, 86 corn kernel samples, 50 tailings samples, and 33 ore rock samples were collected in
reclaimed land and surrounding areas of typical vanadium-titanium magnetite tailings located in the Chengde Central Region and
analyzed for 14 elements (P, Fe, Cu, Ni, Cd, Cr, Pb, Zn, Hg, Ti, Mn, and Mo) and speciation of heavy metals. This study
investigated the bioaccumulation and translocation characteristics of heavy metals in a soil-maize system based on a descriptive
statistical analysis, a geological accumulative index, bioconcentration factors, and a redundancy analysis. The results showed that the
average accumulation index of surface soil followed an order of P> Cu > Fe,O; > Cr > Ti >V > Ni > Mn > Cd > Zn > Mo > As > Pb >
Hg, while the accumulation level of heavy metals was generally categorized as either no accumulation or moderate accumulation.
Compared to China’s soil environmental quality standard risk screening values (GB15618-2018) , the over-standard rates of Cr and Cu
were 2. 32% and 1. 16%, respectively. The content of Fe, Ti, As, Pb, and Mn in the corn kernels of the tailings and surrounding
areas was relatively high, and the content of Mo, Ni, Cu, Zn, Cd, and Cr in the control area was relatively high. The over-standard
rates of Ni, Zn, and Cu in the corn kernels were 13. 61%, 13.23%, and 5. 17% respectively, according to China’s national food safety
standard limits for contaminants in food (GB 2762-2017). The bioconcentration factors of Fe, Ti, As, Pb, and Mn in the corn kernels
of the tailings and the surrounding areas were relatively higher, while the bioconcentration factors of Mo, Ni, Cu, Zn, Cd, and Cr were
lower than in control area. The bioactive components of Cd accounted for 50. 17%, which was the highest, followed by Ni, Zn, and Cu
with average ratios of 13.61%, 13.23%, and 5. 17%, respectively. Compared to the control area, the Pb, As and Hg elements in the
soil samples of the reclaimed land showed a lower total amount but a higher bioavailability content and soil pH value, while the Cu and
Hg elements showed a higher total amount but lower bioavailability content and soil pH value. These differences in total heavy metal
concentrations, bioavailability amounts, and soil pH values made the bioconcentration intensity of As and Pb in the tailings reservoir
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and surrounding area relatively higher. When studying the ecological risk of heavy metal pollution or determining the remediation target

value of reclaimed land in a mine tailings reservoir and the soil around the mine area, the bioavailable state limit of heavy metals should

be should be taken into account as the evaluation standard.

Key words : vanadium-titanium magnetite; heavy metal pollution; soil; maize; speciation of heavy metals; bioconcentration factor;
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Fig. 1  Geographic location and sampling sites in the study area
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V/mgekg™' 7423 420,10 140.80 0.631 (7251 21630 117.24 Q.35 45941 167.80 78.25 07331
Cr/mg-kg™'  58.82 22520 95.09 0.557  49.15  308.20  84.97 0.674  31.76 | 117.40 5480 4" 0.240 |
Ni/mg-kg~! 2249 74.38 3810 [0/428 [ 214 97.58 3538 0.463 1451 ' 36.30 2763, 0-182°
Cw/mgkg™  20.81L/77155.50  48.50 [ Qu811 | AL 14T 80.76  36.94 0. o 13.43) (37.62 23.98 | ;193
Zn/mgekg~' 58,55 3450  79.820 0.285 / #5803 96.55  74.23 J0l125ef 38.33 118 10 7481 0200
Mojig-kgr! 0221 £ 139 070 0/38y ,r"' 0% 135 070 6230 | 03 Lss 0830361
Ph/igkg!  TLis8 4 2215 1728 09356 16434 2404 2159 0088 L1521 | 30.47 22097 0.120%7
As/mebkg™ ! 10300 10044 7.481 04330 5.8 1145 9.02 _0./?67 A4 | 1299 8.35 % 0.245
Cd/mg-kgs' 110,09 021 012 9;'25‘5“ 0,00 016 0.13 0.127  0.05 0.5 0.14 0520
Hy/mg-ke /| | 0067 0.06 0.0 0.717 oot /o 06 0.03 4 0.408 0.02 1 029 005 1.086
pity W %8s 6 8.18 00017 |4 440" #8732  7.65 0.117 4.76 8.40 7.16  0.129
mal ¢ RIY = T a0 Alh MR WG Rkl i
F Min Max Mean Cv Min Max Mean Cv WLk s g 20
P/mg-ka”!  489.10 10406.74 3955.69 0.654  144.57 21108.28 4007.64 1.067 — 517.00  570.00
Ti/mg-kg™' 1167.90 26984.06 9651.76 0.640  60.50 16437.23 9524.79 0.519 3810.16 3600.00 3844.00 3 498.00
Fe, 0,/% 5.29 34.72 13.21  0.375 0.15 28.31  16.09  0.509 — 2.82  3.71 2.80
Mn/mg-kg™! 427.08 344218 1305.37 0.428  112.43 2253.48 1195.82 0.426  754.78 608.00 705.00  569.00
V/mg-kg™! 22,92 2165.00 368.34 0.989 2.36  924.20 372.29 0.692 84.68  73.20 82.00  70.00
Cr/mg kg ™! 9.21  740.20  77.64 1.506 2.04  104.50  9.90 1.948 50.78  68.30 66.00  53.00
Ni/mg-kg™!  14.45  105.50  42.53 0.529 .26 127.20  19.74 1.442 2499 30.80 32.00  24.00
Cu/mg-kg™'  24.70  374.80 137.29 0.654 214 1127.00 191.14 1.304 19.59  21.80  23.00  20.00
Zn/mg-kg~!  38.59 5781.00 246.43 3.301  14.18  200.00 130.82 0.431 72.65  78.40 62.00  66.00
Mo/mg-kg~!  0.08 456 0.88 1.197 0.08 .86 0.45 0.917 — 0.70  0.52 0.70
Pb/mg-kg ! 174 202.72  14.20 1.960 3.88 33.08  11.25  0.460 2331 21.50  22.00  22.00
As/mg-kg"! 0.10 6.13  0.69 1.475 0.10 135 0.50 0.652 8.53  13.60 11.00 9.00
Cd/mg-kg ™! 0. 44 .51 0.98 0.775 0.02 3.36  2.05 0.541 0.122  0.094 0.113  0.137
Hg/mg-kg™!  0.03 3.68  1.99  0.409 1.23 490 2,75 0.316 26.97  36.00 20.00  26.00
pH 7.83 8.05  7.94 0.020 — — — — — — — —
1) Min F/Rfe/IME , Max F/R e RKAH , Mean FR(H, Cv RARAZFRZE, TR ; pH Tm; “—" FnTLHdE
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s 36 R AH X B K, A8 S R 80y Wl Dy 1,086 Al



1170 7D 53

B 42 %

0.520. A B A A IS+ P Ti, Fe,0,, Mn,
V,Cu, Zn, Cd Fl Hg JC 2 & i W1 80 & T L HERE
TG AR B I S R X
B RRER P Cr SR A AL T R R B A
JEI TR R IX R 5 A G TR
AR AR, R RORE S Ni TR AR R T 4
SERE A R Y N T2 A i DG 4 R
W B RE 5 R B RE S R L R, T
W Fe,0, . Cu il Cd FHAHXTFEAL; PV AITI
TEE i 5 B AR, R A TR % i
Mn . Pb fil As JGE & EAHX TH&E, Cr, Ni, Zn F1 Mo
TEES R BT, b Cr A EETHE 7. 84 13,

WERIFSEIX A T2 i 5 AT e o 4 R R
T LR 1) by L3 4wy S
WE T A IS R AL () A
HER A2 SE U AT X H, 45 50 2 L R X R
WK JHA L P Ti| Fe,05, V., Mn, Cr.Ni, Cu
Il C At 8 TR I T b | 2 v 1A - R 4
I P 2 T 2 v (L 2 (. R 3 X
S S Zn 7 AT YT AT AL A 5 S, T
B I R4 2 Y S (/b A
YT TTIEAE T A AR R T
LRAFLBIIT S EAAE TH] As JE3 i T I 5
Y I Y Bl Mg JC R S R I 1y

S, R L3 P e i He TGP AT

AT T 25 B S 4 7 22 e,
2.1.2 +HEFE SR ZREHE

b RSSO TR ST Hr A 2 4 o0 K Hh R
FEE /M Ai (P 2) N 2 Al B R R 5 A
MBI FR)E T 14 FOC R AA BB E H R E
55°8: P>Cu>Fe,0,>Cr>Ti>V>Ni>Mn>Cd>
Zn >Mo > As >Pb > Hg, Hi' Mn, Cd, Zn, Mo, As,
Pb fil Hg JCE M R BUEECP B (1, ) /N T 0, JE
ARILEM; P, Cu, Fe,0,, Cr, Ti, V FI Ni i ZfFE
BRT L0, RANWARBERBLP TR, AN
1. 846 W ENAFTE 1 Ab mi @ sm-Am R ( 1, >
4) 3 FETE 4 AbRE S SRR B, 5 BRI 9. 76% ;
P ICE A -5 RBUKCERE 5 IR 21.95% . Cu
TCRAFAE 1 AbRES BB 3 B, 19. 51% FE& R
JE -5 BB 1 Fe,0, BVARJE T RABLH B BEIK
AN 4. 88% HEShik -5 R, Cr TR SVAJE T
SR RBUKF, 15 -5k RBUKEFE & B
H}7.32% .V, Ti Fl Ni JTCRSAFTE 2. 44% ., 2.78%
7. 32% 1) 35 RE A B -5 Z2UKF. Mn | Cd |
Zn, Mo, As, Pb Fl Hg JCE FT A #E 6 1, (E¥/NT

2.0, BRREE BN, AUFLE 12.20% FF4 Mn JCE |
2.44% KL Cd JCE | 4. 88% FEfh Zn L ,9.76%
FEdl Mo TG ,2.44% FE i As JTER F1 9. 76% ¥ iy
Hg JTCHIAF| T BHUKF-

XiF PR X 3R+ 125 JU 2% SR PR S s 2 55
IR A :Fe, 0, > Hg >P > Cu > Mo > Cd > Ni > Cr >
Zn >Ph > As >V > Mn, Bk Fe,0, 1 Hg JCZ Hb R
TEECEF AR T 1.0 4b, e R i BRUEHCT 1
B4/ 1.0, X IR IX 4 38 5 4 Jg o0 K Ak T o 26 LU
T EBUKF-(1,, <2) AUFAE Cd TR -3 RPUL
b He JCE -5 BT 3 Ak, 5 SRS HIE-H
FRUSA 1 4L XFHEIX Mo, Pb, As, Cd #1 Hg JT %
SR RFRE EEE = F R S H R i X 3R )2+
e, e oK REVRE W B B AL T B R KL i
X -, Tl 0 BB X R R AN AT B
BRI, RS YR I S 2 i T 1
THREAETS YL b (As |\ Cd il He, (A IAVR BURR 2
B, LSRR . ) Py

Ni

Mn

n
e R R
As ——CD— T
I A L

[ I . | o 0

1 L L 1
-1.0 0 1.0 2.0 3.0 4.0 3.0

B2 tEEsEMRRERIHHELE
Fig. 2 The I, statistical boxplot of soil heavy metals
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Fig. 4 Chemical fractions of heavy metals in the soil, tailings, and ore rock samples
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Table 3 Concentrations of heavy metals in corn kernels

SMK WiH Mo | Cd | Ni | Cu | Zn | Pb | Cr | As | Mn
/g kg /ng-kg /mg-kg /mg-kg /mg-kg /mg-kg /mg-kg /mg-kg /mg-kg
Min 0.077 1. 400 0.115 0.579 6.771 0.031 0. 095 0.328 2.737
B EENTE X Max 0. 665 8. 000 0.344 3.051 16. 381 1.726 0. 456 0. 636 7.547
(n=13) Mean 0.220 3.477 0. 236 1.213 12. 147 0.325 0.216 0.470 3.979
Cv 0. 839 0. 741 0.239 0.595 0.244 1.364 0. 489 0. 190 0.29
Min 0.076 1. 100 0.092 0. 662 9.210 0.014 0.028 0.226 2.482
BB R oKk Max 0. 296 4.900 5.951 2.414 18.210 2.333 0. 448 0. 636 6.112
(n=28) Mean 0.188 2.335 0. 464 1. 260 12.548 0.274 0. 187 0. 420 3.532
Cv 0.312 0.351 2.336 0.416 0.177 1. 627 0.581 0.284 0.211
Min 0.032 5.030 0. 090 0. 586 7.537 0. 020 0. 026 0. 056 —
STHEIX E ok Max 2.071 7.582 0.533 3.111 21.710 0. 144 0.517 0. 056 —
(n=45) Mean 0. 345 6.470 0.204 1.337 12.515 0. 042 0. 107 0. 056 —
Cv 0. 906 0. 164 0. 497 0.370 0.264 0.537 0. 699 — —
ISREEEY) — 200 — — — 0.2 1.0 0.5 —
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Fig. 5 Bioconcentration factor statistical boxplot of heavy metals in a soils-corn kernels system
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Fig. 6 Relationships between bioavailable forms, total concentrations in soil, and concentrations in corn kernels of heavy metals
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