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Study on speciation and bioavailability of heavy metals in surface
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Abstract: To systematically elucidate the environmental behavior and ecological risks of heavy metals in the
surface sediments of the Sanya offshore area, this study selected seven representative stations and employed a
modified BCR sequential extraction procedure to analyze the occurrence forms, bioavailability, and their
relationships with the physicochemical properties of sediments for Cr, Cu, Zn, As, Cd, and Pb. The results
indicated that the residual fraction was the dominant form for all six heavy metals, but the proportions of
bioavailable fractions exhibited significant differences. The average order of the bioavailable factor (RBE) was:
As (66.54%) > Zn (54.83%) > Cd (51.04%) > Cu (49.08%) > Pb (45.19%) > Cr (34.35%), suggesting that As
and Zn pose higher potential environmental risks. Correlation analysis revealed that the bioavailable contents of

Cr, Cu, Zn, Cd, and Pb were significantly positively correlated with the contents of fine-grained particles (silt
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and clay) and the Chemical Index of Alteration (CI4), indicating their activity is controlled by terrigenous fine-

grained materials and weathering processes. In contrast, the bioavailability of As was positively correlated with

sand content, reflecting its distinct geochemical behavior.The results of the ecological risk assessment of heavy

metals indicate that in the Sanya offshore area, the risk from total heavy metals is low with minimal ecotoxicity,

whereas the localized pollution of As based on its speciation was severe and warrants close attention. From a

speciation perspective, this study clarifies the migration and transformation patterns of heavy metals in the

Sanya coastal sediments, providing a scientific basis for precise risk assessment and refined management of

regional heavy metal pollution.
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Tab.l Information of sampling stations

LA R Z oy JK%m RN
SY1 109°04'53.9581"E 18°21'54.2049"N 5.98 SRV
SY2 109°08'10.1407"E 18°20'05.7840"N 3.71 FEMTE
SY3 109°19'28.7016"E 18°16'48.4703"N 13.61 LIS
SY4 109°26'26.6172"E 18°16'03.8402"N 9.68 =i
SY5 109°43'58.5520"E 18°17'45.6092"N 16.64 TS
SY6 109°44'49.7946"E 18°19'47.1382"N 18.95 TS
SY7 109°45'17.8736"E 18°21'52.6587"N 11.43 TS
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Tab.2 Characteristics of heavy metals in surface sediments of Sanya offshore area

IR Cr Cu Zn As cd Pb
Fe/Mig g 8.68 1.70 11.00 4.96 0.02 12.70
Fekfting g 46.60 11.40 63.20 8.58 0.07 26.90
Ffti/ngg 26.88 6.46 36.34 6.55 0.05 20.21
PR 2 /g g 14.80 3.94 19.96 1.11 0.02 530
55 R AL 0.55 0.61 0.55 0.17 0.42 0.26
SRR AR g g 28.71 7.30 37.96 6.77 0.04 20.53
S A g g 27.45 8.33 38.98 9.74 0.06 20.69
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Tab.3 Correlation of heavy metals in the surface sediments of Sanya offshore area

Cr Cu Zn As cd Pb Si0,  ALO; CaO  Mz(®) il Wy #t
Cr 1
cu  0.998" 1
Zn 09987 0.997" 1
As  —0.127 -0.161 —0.106 1
cd 09427 09447 09477 0042 1
Pb 09127 0903" 09277 o219 09217 1
sio, -0.788° -0.777 -0781" —0.046 -0.861" —0.689 1
ALO; 09267 09177 09347 0235 0944 0984 0741 1
CaO  —0.181 —0.187 —0204 -0217 -0.102 —0390 -0382 —0.335 1
Mz(@) 0978 0984 09717 —0308 09147 0822 0794 0838 —0059 1
#0980 -0987  -0972" 0299 -0.906 —0.833" 0740 0853 0.155 —0.993" 1
R 09797 09877 09727 —0305 09017 0835 9726 0851 —0.173 09927 -1.000" |
FHt+ 0965 09707 09517 _po4g 09177  0.802° -0.820° 0.848° —0029 0983 -0983" 0977 |
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Tab.4 Characteristics of the four BCR fractions of heavy metals in surface sediments of Sanya offshore area
JLH I H7 EL % o7 PR % PRt 22/% 5 FREL
SRR RS 10.30 ~ 30.34 16.76 7.73 0.46
CIRZY/EN 12.88 ~ 16.73 14.98 1.19 0.08
“ CIE=0 %S 0.48 ~ 7.40 261 2.58 0.99
TR 51.05 ~ 74.34 65.65 9.95 0.15
SRS 20.98 ~27.76 24.62 2.38 0.10
CIRZYGES 18.86 ~ 26.96 22.81 3.07 0.13
cu G0 0.85 ~ 4.51 1.65 1.28 0.78
Bt A 44.59 ~ 58.84 50.92 4.68 0.09
SRR 27.30 ~ 36.52 31.92 3.35 0.10
[ELYEES 17.93 ~ 25.54 21.94 3.17 0.14
& CIE=%# 0.58 ~ 1.83 0.97 0.41 0.42
BRIt 41.39 ~ 50.07 45.17 3.19 0.07
SRR RS 22.18 ~ 34.21 27.84 5.04 0.18
CIRZY/EN 17.38 ~ 59.84 35.82 17.46 0.49
As CIE=0 %S 0.81 ~4.95 2.89 1.61 0.56
BRI 16.26 ~ 54.26 33.46 14.34 0.43
SRS 24.44 ~ 46.67 35.52 8.18 0.23
CIRZYGES 6.67 ~17.33 13.05 3.44 0.26
« G0 1.33 ~4.55 2.47 1.10 0.45
Bt S 40.91 ~ 60.00 48.96 7.07 0.14
RS 22.66 ~ 53.62 39.12 13.46 0.34
CIRZYE 4.39 ~7.69 5.94 1.33 0.22
o CIE=0# 0.06 ~ 0.24 0.13 0.06 0.50
FRIEDS 38.85 ~ 72.05 54.81 14.68 0.27
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Tab.5 Correlation between heavy metal speciation and different grain sizes in surface sediments of Sanya offshore area
TTE EA BmEms s WEAE RES S Mzo) ik ik it ClA
SRS | 0.850" 0213 0851" 09047  -0866  0.864 0867  0.705
T VR B 1 ~0.146 09977 0985 09907  0.990" 09727  0.949"
Cr AL 1 -0.154  —0.081 0.071 -0.066  —-.0101  —0.179
BRIt A 1 09807  -0.982" 0983 09557 0933
SRRRVAMAS 1 0.982" 0.761" 098 0965  -0970" 09727 09397 0916
AR A I 0.808" 09717 09707  -0973" 09717 09697  0.932"
c E-VIA 1 0784 0808  -0856 0852 0865  0.908"
Rt A 1 0990"  -0.980" 098" 0967 0918
SRS 1 0.723 - 0630 09207 -0899" 08917 09337 0759
CIFZGES 1 - 0.932" 0745 -0761" 07637 0734 0.708
“ s - - - - - - -
B 1 0.692 —0.688 0.693 0.642 0.639
SRS 1 0.993" 0.908" 0960 0983  -0975" 09727 09817 0922”7
TR B 1 0.879" 0.970" 09737  -0970" 0968 0965 0917
o AR AR 1 0.848° 09357  -0944" 09377 0967 089
BRIt A 1 0.939" 09407 09407 0917 0875
SRR RS 1 0.105 -0.093 -0.009  —0.173 0.265 -0.264  —0265 —0.413
AR A I -0.838"  —0.608 —0.848° 0834 0840 —0.783  —0.748
As B 1 0741 09657  —09377 09327 09477 0848”7
BRI A 1 0825°  -0.822" 0825 0784 0702
SRR IS 1 0975 0.717 0119 09617  —0966" 0967 0934 0916
ERYEES 1 0.683 0190 0907 -0918" 09177 09107  0.884"
AL 1 ~0404 0855  -0834" 0821 0905 0742
TR 1 -0.090 0.083 -0.077  -0.122  0.006
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Tab.6 Characteristics of the RBE of heavy metals in surface sediments of Sanya offshore area

RBE Fe/Mi/% B % EHIE% FRER2/% AR AR
Cr 25.66 48.95 34.35 9.95 0.29
Cu 41.16 55.41 49.08 4.68 0.10
Cd 40.00 59.09 51.04 7.07 0.14
Zn 49.93 58.61 54.83 3.19 0.06
As 45.74 83.74 66.54 14.34 0.22
Pb 27.95 61.15 45.19 14.68 0.32
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Tab.7 Correlation between the bioavailable content of heavy metal and their total concentrations with different sediment particle particle size

fractions
<8y Mz(®d) bz it CIA
A RACr 0.982" 0.986" -0.976" 0.975" 0.962" 0.883"
HRACu 0.996" 0.972" -0.977" 0.977" 0.960" 0.930"
HRACd 0.896" 0.916" -0.904" 0.900" 0.914" 0.793"
HRAZn 0.993" 0.980" -0.976" 0.973" 0.976" 0.923"
B As 0.729 -0.835 0.838" -0.844 -0.786 -0.781"
HRUASPD 0.945" 0.958" -0.963" 0.964" 0.935" 0.914"

R FIRAH TR 0.01 7K I 35 AH G * AR AHSCHERE 0.05 7K B 3 AH ¢
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