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Fig. 1 Geographic map and soil vertical profile and topsoil sampling sites of the Qiongzhong, Hainan Island.
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Fig. 2 Changes of heavy metal element contents in the rock-soil system of Qiongzhong, Hainan Island. The contents of Cu, Pb, Zn,
Cr, Ni, Cd, As and Hg ranged from 1.6 to 9.5, 16 to 49, 29 to 98, 5.8 to 40, 2.4 to 17, 0.02 to 0.08, 0.6 to 12.7 and 0.002 to

0.061mg/kg, respectively. Cu, Pb, Zn, Cr, Ni and Cd were mainly inherited from the parent rocks.
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Fig. 3 Migration coefficients of heavy metal elements in the rock-soil system of Qiongzhong, Hainan Island. Cu, Pb, Zn, Cr, Ni, and

Cd were predominantly deficient, and most of their mass migration coefficients were less than 0. In contrast, As was enriched,

and most of its mass migration coefficient was greater than 0. Hg exhibited different enrichment or deficiency characteristics.

As and Hg were particularly enriched in the surface layer.

2 B RBELEESE SRS (=7115)
Table 2 Summary statistical of heavy metal elements contents in the topsoil samples of Qiongzhong, Hainan Island (n=7115).
WH Cu Pb Zn Cr Ni cd As Hg pH
Fe/IMA 1.0 2.0 4.0 3.9 1.0 0.02 0.5 0.002 3.98
TP AE 6.4 29.7 50 23.7 6.94 0.04 1.7 0.032 5.4
EHIH 8.8 31.7 53 36 10.2 0.056 3.7 0.035 5.44
S5 oNE] 104 463 500 2110 488 15.2 654 0.395 7.52
brifi 2 7.4 16.8 25 59 13.0 0.19 13.1 0.02 0.45
RIS 84 53 48 163 127 329 350 48 8
b s 7.09 30.49 52.19 24.12 6.28 0.06 1.03 0.03 -
R S e 4.95 2234 35.11 15.24 4.12 0.05 1.14 0.03 -
o [ - e g 2 22.6 26.0 74.2 61.0 26.9 0.097 11.2 0.065 -
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1F3R)Z TR S 4254 F pH /N T 5.5, 2694 14 pH
1E 5.5~ 6.5, 165 {4 pH 7£ 6.5 ~ 7.5, 2 {} pH KTF 7.5,
Ik Hg b, HAt 7 Flvr & J8 A D e it & s KT
i A, 40 B Cu(19 14, 0.27%). Pb(82 14, 1.15%).
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Table 3 Statistical results of heavy metal element contents and soil pollution risks in the topsoil samples of Qiongzhong,

Hainan Island (n=7115).

FE T HEE S E A BB R R )
4 Jm A RO ARRE L
FEBICHE V5 Y XS HE bR pH<55 55<pH<6.5 6.5<pH<7.5 pH>7.5 At il A L B
(n=4254) (n=2694) (n=165) (n=2) @)
u KT U i e 1E 9 10 0 0 19 0.27
KFREETEE - - - - - -
o KT U i e 1E 73 9 0 0 82 1.15
KF RS H 0 0 0 0 0 0
- KT U i e 1E 1 2 0 0 0.04
KPR ETEE - - - - - -
o KT RS i e 1E 58 82 0 0 140 1.97
KF RS H 0 5 0 0 5 0.07
Ni KT RS i e 1E 16 21 0 0 37 0.52
KPR ETEE - - - - - -
d KT RS i e 1E 8 14 1 0 23 0.32
KF RS E 0 1 0 1 0.01
A KT RS i e 1E 45 13 0 0 58 0.82
KF RS E 0 0 3 0.04
- KT RS i e 1E 0 0 0 0 0
B KT R 0 0 0 0 0 0

e " FR T
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DA 2 25 B 15 e d8 B0 bR 1 R P<<0.7, 15 3 s
0.7<P<1.0, B 2k; 1.0<P<2.0, BJEI5YL; 2.0<P
<3.0, FEI5YY; P>3.0, HETGYL,

BhRZE TS RS E AR TR BT
TG YR B NG G5 515 PP B T 45 R W35 4
5. LB SUE RN AR IR, bR As 41, HAth
7 R 48 14 AL S YR B0 T Y (B RN R (Y

P=

INTF 2, RS Y . LA T S AE R P bR iR,
Cu, Pb, Zn, Cd. fil Hg 45 5 Fi i 4@ B0 Fi5 4L4R
B E AT A /N T 2, ARETE YK, Cr,
Ni R TS, As NEEIG Y. LRRT5 YR 50N
FEAR S, 7115 (R 2 R S P R b
PIREERRMEN 2 . HAT e it 7115
ADFRZ RS, SEBR A 19 14 Cu, 82 14 Pb. 3
4 Zn. 140 {F Cr. 37 4 Ni. 23 {4 Cd. 58 14 As & &
7 gk A FH b, 1 XU G e 1B, A S 4 Cry 144 Cd
3 F As BB AL TS YL XU SRR . PRIk, BEHRAR b
- 58 Y IRV 0 B (LA R A 55 15 Y R B
i, 8 P G 4 REZBOR A5 g . NP AT
YR T 0.05 ~ 36.19, FHI{E A 0.39, Hirf 94,99
R AE I NTE T, 3.4% L IERAE S AR B
FEI PN, oA i T
24.2 FRZTERESEASKE IR

T TE A2 5 KUBS: $8%% (Potential ecological risk
index, RI) i1 Hakanson ' **' 48 H, 1% Jr et )32 v
TG 4 Jm 75 Yo B R AR SRR, A2

=Y E=Y (xe)= Y (1)
(4)
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F4 BUPRBLMESE R RIS RERSTHH SR (1=7115)

Table 4 Statistical results of single factor pollution indices of heavy metal elements in the topsoil samples of Qiongzhong,

Hainan Island (n=7115).

o oy PP IS YRS P, TSYRE PO (%)
B RANGE 2 | 4 N . i o <1 1~2 2~3 >3
UM R S RO SRR o iy el @y
Cu 0.14 0.91 1.24 14.67 1.04 84 54.74 28.33 10.98 5.95
Pb 0.07 0.97 1.04 15.19 0.55 53 53.61 43.5 2.40 0.49
/n 0.08 0.95 1.02 9.58 0.49 48 54.14 42.26 3.33 0.27
Bpis e Cr 0.16 0.98 1.49 87.48 243 163 50.81 27.24 11.58 10.37
AT R Ni 0.16 1.11 1.62 77.71 2.07 127 46.0 28.87 12.8 12.33
Cd 0.33 0.70 0.94 253.33 3.09 329 70.57 24.67 3.15 1.61
As 0.49 1.66 3.63 634.95 12.72 350 15.92 45.14 15.02 23.92
Hg 0.070 1.070 1.162 13.167 0.555 48 43.2 52.14 3.74 0.92
Cu 0.20 1.30 1.78 21.01 1.49 84 37.05 31.3 16.37 15.28
Pb 0.09 1.33 1.42 20.73 0.75 53 20.63 68.11 9.36 1.9
/n 0.11 1.41 1.52 14.24 0.72 48 24.33 54.11 18.1 3.46
N e Cr 0.26 1.56 2.37 138.45 3.85 163 35.11 25.03 16.16 23.7
LLDE Ni 0.24 1.68 2.48 118.45 3.15 127 294 27.56 17.41 25.63
Cd 0.39 0.84 1.12 304.00 3.70 329 60.72 31.29 5.51 2.48
As 0.44 1.50 3.28 573.68 11.49 350 223 43.57 12.69 21.44
Hg 0.070 1.070 1.162 13.167 0.555 48 43.2 52.15 3.74 0.91
Cu 0.01 0.13 0.17 2.08 0.15 85 99.73 0.26 0.01 0
Pb 0.02 0.38 0.41 5.14 0.22 55 98.85 0.94 0.07 0.14
/n 0.02 0.25 0.27 2.50 0.13 48 99.96 0.03 0.01 0
"~ Cr 0.02 0.16 0.24 14.07 0.39 163 98.03 1.53 0.3 0.14
A .
Ni 0.01 0.11 0.16 6.97 0.19 123 99.48 0.45 0.01 0.06
Cd 0.07 0.14 0.19 50.67 0.62 329 99.69 0.24 0.04 0.03
As 0.01 0.04 0.09 16.35 0.33 348 99.2 0.65 0.07 0.08
Hg 0.001 0.022 0.024 0.219 0.012 51 100 0 0 0

%5 BUpRETHESECENRD LSS RIRRGIEER (1=7115)

Table 5 Statistical results of Nemerow pollution indices of heavy metal elements in the topsoil samples of Qiongzhong,

Hainan Island (n=7115).

LEATSYARE P TGYEGL 5 L (%)
PN bRfE TG ST #5 RS Y HREEGY  EEFIGY
BoME BOME THE BRE PR BRRK
(P<0.7) (0.7<P<1.0) (1.0<P<2.0) (2.0<P<3.0) (P>3.0)
RS i 3 0.05 0.33 039 3619  0.554 142 94.9 3.4 1.3 0.2 0.2
T sE 0.38 1.92 3.37 453 9369 278 0.5 6.0 46.5 203 26.8
MRS RME | 036 2.36 3.78 409  8.858 234 0.2 2.9 36.5 242 36.3
A COHESE i TR EFELIE (mgkg), C oz RIS SH. R 5 E S5 DL S (HEREE T

TCR MM AR, TONE SR 1 TR 1 EEHEm N R
B, TS0 1 M EETE RS AR R S T R
B3] 3 i 25 KU K AR BPL S 2% i 5.0,
M R B B Hg=40, Cd=30. As=10, Pb=Cu=
Ni =5, Zn=1 f1 Cr=2, n AEEEIEE, ENEH
L@ iITCR MRS KBS BB, RN — i R
P 4 JRZR I TE A S AR . A5 23 301 LA B
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BRZLI, A MR BT - AR SR

SREZEN IS E RIS A s iy 543 %

By 5, B RA R R BRI (B 36 LA K- — BT 5% i
PSR SRR LY/ b %fﬁzu{ﬁ IFEA 7 B 35
— GG TR SR RIS — 2% BRI 2 195155 —
SRR, A L) L B R R Rliﬁja
Hakanson Y RI 55 — 2 A BRAA (150) B DL 8 i e
¥ (PCB. Hg. As. Cd, Pb, Cr, Cu Al Zn) F R %
RME 133, 150/133=1.13, AWF5EH RIS —H FFRAE

PEREURME 98 5 5 FhE 4 s Rt RELEVE 87, JF
W BORAS, SRIG AR R AR BRE S F— AR
TELRY 2 A%, T AE A 25 XU 7K ST 43 2 R 43 B i DL 36 6.

P2 5 4 VA AR AN XU T AN 5 AR
7. B4, DBh s S E MR B Sl bR
HERT, Hg, Cd Al As N FEREEILER, UR-HESE
FohE, HARTR A HFRENER, M5 Xt 90%

HALREPE BB RI P HAE 113 E 8 R E IR AR SRR TP ARG E . DL e XU i
E 7 € P 0 S 5 3 g
Table 6 Classification division standards of potential ecological risks.
i B WA WE AR A R KT
SIFEEE TR i o :
I b5 i i i R L
8 FiLE El <40 40 ~ 80 80 ~ 160 160 ~ 320 >320
(Cu. Pb, Zn, Cr, Ni, Cd. As, Hg) RI <110 110 ~ 220 220 ~ 440 >440 -
5FICR El <40 40 ~ 80 80 ~ 160 160 ~ 320 >320
(Pb, Cr, Cd, As, Hg) RI <100 100 ~ 200 200 ~ 400 >400 -
“=T SRR T .

77 B RBIINESEIBEAESEFRBGT (n=7115)

Table 7 Statistics of potential ecological harm indices of heavy metal elements in topsoil samples of Qiongzhong,

Hainan Island (n=7115).

TENFEFRAR AL (1)
PRI EHEEILE El RI
L EDES Ci AR5 ik LI g [ R
Cu 7098 17 0 0 0
Pb 7108 7 0 0 0
Zn 7115 0 0 0 0
B R ;: ;(1)% 62 ‘7‘ ; (1) 3348 3254 424 89
cd 5918 1025 153 14 5
As 5868 680 336 151 80
Hg 3035 3742 315 19 4
Cu 7069 42 4 0 0
Pb 7102 11 2 0 0
Zn 7115 0 0 0 0
T T S Ii: gggg 23; 33 ; g 2458 3984 582 91
cd 5356 1510 208 35 6
As 5997 611 314 126 67
Hg 3035 3742 315 19 4
Cu 7115 0 0 0 0
Pb 7115 0 0 0 0
Zn 7115 0 0 0 0
Cr 7110 5 0 0 0
i Ni 7115 0 0 0 0 7113 1 1 0
cd 7114 0 0 1 0
As 7113 0 2 0 0
Hg 7115 0 0 0 0
Pb 7115 0 0 0 0
Cr 7115 0 0 0 0
BHE cd 7114 0 0 1 0 7114 0 1 0
As 7115 0 0 0 0
Hg 7115 0 0 0 0
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Fig. 4

Spatial distribution of potential ecological risks in the topsoil samples of Qiongzhong, Hainan Island (The evaluation standard

is the Qiongzhong soil background values, the green circles represent low ecological risks, the yellow circles represent

moderate ecological risks, the orange circles represent considerable ecological risks, and the red circle represents very high

ecological risks).

PR B A PP AR I, 7114 12 1 90RE 5 i 2R
KU RAR, BFSE IX R AR R A 5, 1 MR Y
Cd W AR A E, R A NS G Y. TSR
FNRBIR TN o 25 e A — s i 0]
BAR P E R He @K EE AR EWILAR . &
., R WA T (B R X He AR
AU RIREE S S0 0 wFge el BT e iR
JiH Cd il As ol a2 i T LA 26 b 24
A 70% BEF KB R LRI R . AR E R
Hy ) 2 U B RO 6, 5 HAETE
TR AEIE R | VEIAR 2R I 2 4 8 O ML)
FAHK,

3 i

- AR R T G 0 43 AT REAE S T 4 i
e M 25 YRR B . 7R R 5 B b X A
P 3 A4S e [ 7115 D3R SRR A, A
F ICP-MS/OES 1 AFS 73#7 T Cu. Pb. Zn, Cr. Ni,
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Migration Characteristics and Environmental Quality Assessment of Heavy
Metal Elements in the Rock-Soil System in Qiongzhong, Hainan Island

ZHAO Hongkun'?*, TANG Shixin', FU Yangang', LAN Ruixuan'?, ZHAO Kegiang',
LI Xiaodong®, MA Shengming"
(1. Institute of Geophysical and Geochemical Exploration, Chinese Academy of Geological Sciences, Langfang
065000, China;
2. China University of Geosciences (Beijing), Beijing 100083, China;
3. Langfang Luyuan Ecological Environment Technology Co., Ltd., Langfang 065000, China)

HIGHLIGHTS

(1) The chemical composition and quantitative migration of elements in the rock-soil system reveal the activity
characteristics of heavy metal elements.

(2) The surface migration characteristics of heavy metal elements provide a research basis for environmental and
ecological effect evaluation studies.

(3) Multiple indicators and evaluation criteria show that the topsoil environment in Qiongzhong, Hainan Island is
generally clean, providing a research case support for the green development and utilization of local land

resources.

|: Nemerow pollution evaluation [—

Ecological risk evaluation — |—

I:'| > | Conclusions

risk?

1.As,Hg surface enrichment

2.Cu, Pb, Zn, Cr, Ni, and Cd
deficiency

Sampling from
rock-soil system

ABSTRACT: The rock-soil system is an important component of the Earth’s critical zone, but there are few
detailed studies on different soil systems in Hainan Island. To clarify migration characteristics and environmental
quality, three typical adamellite soil profiles and 7115 topsoil samples were collected from Qiongzhong, Hainan
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Island. The heavy metals Cu, Pb, Zn, Cr, Ni, Cd, As and Hg in rocks and soils were determined by ICP-MS/OES or
AFS. Comprehensive evaluation shows that although heavy metal elements in the rock-soil system of the
Qiongzhong research area exhibit diverse migration patterns and enrichment or deficiency characteristics, the overall
environmental quality of the topsoil is relatively clean, with weak ecological risks. Different evaluation criteria and
methods will lead to different evaluation results. It is suggested that a variety of evaluation methods and standards
are adopted to carry out comprehensive evaluation in order to obtain more real, objective, and accurate evaluation
results. The BRIEF REPORT is available for this paper at http://www.ykes.ac.cn/en/article/doi/10.15898/j.ykcs.
202308040122.

KEY WORDS: rock-soil system; heavy metal elements; ICP-MS/OES; AFS; mass transfer; environmental quality;

ecological risk assessment; Qiongzhong (Hainan Island)

BRIEF REPORT

Significance: A large area of intrusive rocks are exposed in Hainan Island, more than 90% of which are monzonitic
granite, syenogranite and granodiorite. The study area of Qiongzhong is located in the middle of Hainan Island.
Taking the monzonitic granite geological formation as an example, the distribution and migration characteristics of
heavy metal elements in the rock-soil system and the environmental quality of the surface soil are identified, which
is of great significance for the correct understanding of the geochemical characteristics of Qiongzhong region. It is
suggested that a variety of evaluation methods and standards should be used to evaluate the heavy metal element
pollution status. In addition, the distribution and migration characteristics of heavy metal elements in the rock-soil
system of other geological formation types such as syenite-granite still need to be summarized. The migration and
evolution mechanism of heavy metal elements in rock-soil system is very complex and needs to be further studied.
Methods: Three typical adamellite soil profiles and 7115 topsoil samples were collected from Qiongzhong, Hainan
Island (Fig.1). The heavy metals Cu, Pb, Zn, Cr, Ni, Cd, As and Hg in rocks and soils were determined by ICP-
MS/OES or AFS. An elemental mass migration coefficient was used to study the migration characteristics of heavy
metals, and the environmental quality of topsoil were evaluated according to the “Soil Environmental Quality-Risk
Control Standard for Soil Contamination of Agricultural Land” (GB 15618—2018), Nemerow index and potential
ecological hazard index.

Data and Results: The heavy metal elements in the adamellite rock-soil system exhibited distinct differentiation
characteristics, as shown in Fig.2 and Fig.3. The contents of eight heavy metals in the rock-soil system of
Qiongzhong, Hainan Island varied with soil depth. The ranges of Cu, Pb, Zn, Cr, Ni, Cd, As, and Hg were 1.6 t0 9.5,
16 to 49, 29 to 98, 5.8 to 40, 2.4 to 17, 0.02 to 0.08, 0.6 to 12.7, and 0.002 to 0.061mg/kg, respectively. Cu, Pb, Zn,
Cr, Ni, and Cd were predominantly deficient, and most of their mass migration coefficients were less than 0. In
contrast, As was enriched, and most of its mass migration coefficient was greater than 0. Hg exhibited different
enrichment or deficiency characteristics, and As and Hg were particularly enriched in the surface layer.

The majority of heavy metal element concentrations of topsoil samples in Qiongzhong were lower than the
screening values of soil environmental quality standard (GB 15618—2018). The Nemerow index method and
potential ecological hazard index method highlighted the need to pay attention to Cr, Ni, and As pollution, as well as
the ecological hazards posed by Hg, As, and Cd when the background values of Qiongzhong and Hainan Island
were used as evaluation criteria. When soil environmental quality was taken as the evaluation standard, the overall
environmental quality of the topsoil was relatively clean, with weak ecological risk. Different evaluation criteria and
methods can lead to different evaluation results. It is suggested that a variety of evaluation methods and standards
are adopted to carry out comprehensive evaluation in order to obtain more real, objective and accurate evaluation
results. Refer to Tables 4, Tables 5, and Tables 7 for detailed data.
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