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Abstract: In order to investigate the geochemical patterns of heavy metals (HMs) and their potential ecological
risks in the coastal area of Guangxi, this study examined the patterns of eight HMs (As, Cd, Cr, Cu, Hg, Ni, Pb,
and Zn) in the surface sediments of typical bays of this region. The modified three-step sequential extraction
method was used to extract the fractions of HMs, and the relationships between HM fractions and
physicochemical properties were analyzed. The ratio of secondary phase to primary phase (RSP) method and
risk assessment code (RAC) method were calculated based on the available forms of HM content, and then the
potential ecological risk of surface sediments was assessed. The results showed that weak acid extractable
fractions of Cd (62.37%) was the most abundant in surface sediments from the near-shore bays in Guangxi,
followed by reducible fractions of Pb (46.04%) and oxidizable fractions of Hg (49.79%). Conversely, As
(88.90%), Cr (63.82%), Cu (52.05%), Ni (52.90%), and Zn (43.65%) were mainly in a stable residual state,
with good stability. Weak acid extractable fractions of Cu, Ni, Pb, and Zn are easily released in an environment
rich in nitrogen, phosphorus, and total organic carbon. Bioavailable Cu, Ni, and Pb are readily combined with
clay sediments, while the pH value has little effect on the release of each HM fraction. The RAC values of Zn
and Ni were 17.16% and 12.11%, respectively, indicating low risk. The RSP value and RAC value of Cd were

8.24 and 62.37%, respectively, indicating severe pollution and high risk. Accordingly, prioritized preventive

and control measures are warranted to mitigate the serious threat.
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Tab.1 Latitude and longitude of sampling stations and environmental parameters in typical bays of Guangxi
Uit RE eghr K H/m i/ C g hJE/NTU VS /mg L
S1 108.1811 21.5555 3.00 32.67 29.93 7.38 6.10
S2 108.1910 21.5873 1.60 33.02 30.14 7.29 6.40
S3 108.2176 21.6099 1.50 33.38 23.50 16.40 6.00
S4 108.2448 21.6011 1.40 33.48 25.06 11.80 5.50
Ss 108.2296 21.5541 2.70 31.98 30.89 6.13 5.60
S6 108.2217 21.5842 2.10 32.89 26.92 8.05 5.00
S7 108.2081 21.5606 2.60 32.13 30.46 8.38 5.90
S8 108.2097 21.5342 3.50 32.43 29.52 9.18 5.70
S9 108.1870 21.5113 3.10 32.15 29.42 5.21 5.90
S10 108.1362 21.5112 3.50 32.30 30.19 4.57 6.10
S11 108.1806 21.4718 10.10 32.03 31.04 437 6.80
S12 108.1496 21.4915 5.30 32.28 30.20 425 6.20
S13 108.5573 21.8049 8.20 31.53 14.47 8.06 4.90
S14 108.6735 21.5784 9.40 31.61 31.34 12.20 5.70
S15 108.6621 21.6462 20.10 31.54 29.66 8.99 5.50
S16 108.5630 21.7229 10.20 31.78 2431 8.85 3.60
S17 108.5733 21.6403 4.40 31.92 29.62 10.20 5.20
S18 108.5645 21.5917 5.00 31.54 31.58 5.28 5.70
S19 108.9488 21.7533 4.90 30.81 28.62 7.12 9.20
S20 108.9929 21.5064 6.60 31.00 27.86 8.32 10.80
S21 109.1480 21.5220 3.20 31.20 28.34 13.70 5.60
S22 209.0857 21.4961 7.50 31.20 28.60 7.65 7.50
S23 109.0444 21.4856 7.30 31.56 27.79 6.58 8.70
S24 109.9935 21.5343 3.60 31.46 25.76 10.40 6.20
S25 109.1134 21.5147 3.40 31.28 30.83 16.80 5.60

BT, R S TR TR R T 72 h B8
&, (P IfE 160 B S M. FREC0.20 g 1
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Tab.2 Modified BCR sequential extraction procedure
P I ERIETIP S
1 F1 30 mL 0.11 mol BRI, ZE ik, #ik¥% 16 h
30 mL 0.50 molEh PR LM (pH = 2),
i, JrF16 h
10 mL 30%3d AL EIH T (pH = 2),
85 °C +2 C M1 h(FHEEMIK)
30 mL 1 mol B AR4L AT (pH = 2), =i, JR¥% 16 h
6 mLANFRIEI + 3 mLERFRVAWY + 3 mL
SRR, D0 I

2 F2

3 F3

1.2 AR 7k
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Tab.4 The classification criteria for ratio of secondary phase and

3 EnENEYRESEEEE primary phase

Tab.3 Recovery rate of standard substance content of each element RSP <1 I1<RSP<<2?  2<RSP<3 >3

LR AREMRS KRIE O FRfEE eeR(%) MR SR RS hEEER RS

As GBWO7310 25.0241.08 2543  94.60 ~ 10536
mgkg ' GBWO7314 10074035 10.3+1.4 93.98~103.11 122 RFevfAb 4 A ik

cd/ GBWO7310  1.06£0.19  1.12+0.08 92.99 ~96.43 K FH XU PF Ak 2 4% (risk assessment code,
meke! GBWOT34  0.1940.01 0206040 8920~10270  RAC)UE, ot o G Jm 55 R mT 42 OGS 5 3 8 s

cy/  GBWO7310 127.1742.82 136:10  90.00~95.34 i U E RIS DO 6w A T AR, LU
mgkg ' GBWO7314 85.1240.50  86x4  98.40~99.56 W —F 4R B ES K. RACH

Cw  GBWO7310 21.64+0.84 226413 9021 ~100.11 /NG (1l
mgkeg' GBWO7314  30.924132 314 94.05~106.05 RAC = i (2)

Hg GBWO7310 027000 0.28:0.03 9445 ~98.65 Ci

1

mgkg GBWO7314 0.046+0.002 0.048+0.012 90.66 ~ 99.19
Ni/ GBWO07310  29.22+0.38 30+2 95.41 ~98.74
mg'kgil GBWO07314 32.47+0.43 34340 93.45~96.50

Pb/ GBW07310 28.77+0.59 27+2 103.17 ~ 108.81
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{ili Fl IBM SPSS Statistics 25 X} £ 4 k17 #.
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TP/ 2 RS
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%) GBWO07310  0.49+0.02 0.51+0.07 93.44~103.01 o e - e
° JVEAT RIS R 2 VTR pH YE R 7.00 ~
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Tab.5 The classification criteria for risk assessment code
RAC <1% 1%<RAC<10% 10%<RAC<30% 30%<RAC<50% >50%
AU S5 2 TR R AR S XU e AU e v AU
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Tab.6 Physical and chemical properties in the surface sediments of typical bays in Guangxi

WFT X Ik ZH pH BEU/mgkg ' HBEmgkg ' MAHR/(%) Bt (<4)/(%) P4 ~63)/(%) (63 ~2000)/(%)
B/ME 725 100.00 32.16 0.13 0.19 3.25 27.64
ARME 824 1100.00 303.53 0.64 37.55 36.73 96.56
BIRE
FEIE 772 575.00 125.31 0.36 5.57 16.82 77.6
AT ZE (%) 4.91 57.02 67.53 49.18 189.01 73.58 26.97
e/ ME 7.00  300.00 68.41 0.14 2.38 28.71 421
: BAME 823 1500.00 564.92 0.84 36.55 71.66 68.92
RN 5
FEE 771 93333 301.64 0.45 18.91 51.62 29.47
ARRE (%) 534 51.90 58.49 60.80 64.93 3572 94.06
e/ ME 7.56  4000.00 94.09 0.26 439 26.12 16.34
A EARME  8.00  1400.00 403.68 0.68 20.29 70.91 68.52
T
FHIE 778  985.71 263.51 0.48 9.90 46.84 4321
AR ZBU (%) 1.94 41.18 36.69 35.38 56.84 42.50 52.89
/IMA 7.00  100.00 32.16 0.13 0.19 3.25 421
o mRfE 824 1500.00 564.92 0.84 37.55 71.66 96.56
TP S ALY
FEIE S 773 776.00 206.33 0.41 9.99 33.58 56.42
ARZR(%) 4.16 53.35 64.78 47.33 107.41 66.11 53.47

22 VIR E SR & E MRAAE S

]V RIS R ZUURRY T As, Cd. Cr, Cu,
Hg. Ni. Pb. Zn SRIERGN 2.22 ~25.28 mg/kg.
0.01 ~ 0.16 mg/kg. 13.12~ 77.13 mgkg. 4.25~
27.78 mg/kg. 0.002 ~0.078 mg/kg. 2.59 ~32.09 mg/
kg. 2.25~ 66.47 mg/kg. 6.56 ~ 87.16 mg/kg,
18 i R B /MR IR A Cr(33.83 mg/kg) . Zn
(31.66 mg/kg) . Pb(24.24 mg/kg) . Cu(13.71 mg/
kg) . As( 1338 mg/kg) . Ni( 13.18 mg/kg) .

Cd(0.058 mg/kg) . Hg(0.024 mg/kg) . HRIE P
TR ) (GB18668— 2002) 41", Cd. Cr.
Cu. Ni, Hg f1 Zn ¥ 5 & — 25 b i, 1M1 As
Pb & B, A 16% Fl 4% 1Y 3 o7 8 1Y —
bR, B4R LR AR NSRBI S, (EA AT &
TshRiE. X255 2005—2020 )G I
VS RTS8 AR, R ) VI R i T

IRy R L I ARV Iv AL 7 ol W= )
] S BT oK, AEME LVE A 4 s Y 1
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Tab.7 Percentage (%) of different fractions of heavy metals in surface sediments of typical bays in Guangxi
LA X S As cd Cr Cu Hg Ni Pb Zn
- PIE 1.12£029° 69.17£16.75" 4.07£1.49°  6.53£520° 0.21£0.17° 14.21+4.44° 9.46£1.93"  18.3x4.60"
B SR
~ JF 0.68~159 4122~93.19 237~6.74 0.03~20.64 0.02~048 9.10~24.63 5.04~12.63 11.06~26.51
- P 2.34£0.87° 67.00£11.92° 4.06£2.65° 11.54+5.63" 0.61£0.52" 15.60£4.13° 6.99+1.53° 19.2243.25°
KN
ST JiF 049~3.19 54.80~89.06 0.75~926 7.56~24.02 0.17~1.67 9.16~21.34 4.41~922 15.77~25.50
PR - PIE 0.80£0.50° 46.74+5.13°  1.63£0.57° 6.88£1.47°  0.14+0.06° 5.52+1.81°  6.16+£1.28° 13.3123.09"
e
W 043~199 40.51~5690 0.95~257 525~931 0.07~026 334~862 472~851 9.41~19.28
ropgsu BIH 1324080 62371638  3.3842.00  7.8344.95  0.29+0.34  12.1145.58  7.94+2.31  17.16+4.66
M JiE 043~3.19 40.51~93.13 0.75~926 0.03~24.02 0.02~1.67 3.46~24.63 4.41~12.63 9.41~2651
Bk WE  2.76£1.25" 19.18+14.34" 14.18+6.51° 8.37+3.30" 19.68+18.03" 13.2546.31" 50.05£6.37" 15.2847.76"
SRS
- Wi 093~4.64 142~4791 6.07~2671 230~13.89 0.09~47.07 6.00~2549 38.20~57.28 3.44 ~30.74
- PIE  0.99+0.64° 20.28+11.41° 5.1544.45°  7.7020.26" 11.45£14.07° 8.68+7.76" 48.49+4.00° 7.78+3.35
KN
AR JF 043~232 3.78~31.86 2.00~14.99 7.27~810 0.11~32.12 3.11~25.35 42.44~52.02 4.04 ~14.48
s - A 0.87£0.40°  19.67+4.98° 4.07£1.74°  9.05:1.82°  2.7042.25°  3.63£1.80° 37.0744.94° 10.49+2.60"
e
JEE 032~1.70 13.60~30.68 1.92~735 6.99~12.07 030~7.76 1.47~727 30.83~46.84 5.15~14.05
ropgsa BIH 1.80£132 19581171  9.18+7.01  8.4042.53  12.95:16.02 9.46+7.14  46.04+7.86  12.14+6.60
M JiE 032~4.64 142~4791 1.92~2671 230~1.89 0.09~47.07 1.47~25.49 30.83 ~57.28 3.44 ~30.74
Dok Wil 9.81£231°  0.64+0.46° 25.89+3.65° 31.00+£8.73" 49.61£12.57° 31.73£2.99" 12.02+1.69° 28.03+5.92°
S
- W 535~13.67 0.11~1.60 19.03 ~30.39 16.81 ~48.39 29.68 ~ 67.52 26.73 ~37.65 9.33 ~15.25 18.71 ~36.97
- P 5.5142.53°  1.7042.56°  23.53£9.73° 30.15+8.89" 41.63424.65° 21.65+2.44° 14.72£0.97" 28.63+4.66"
KN
. JF 1.90~10.10 0.17~7.39 13.28 ~44.26 14.67 ~41.80 6.27 ~73.57 17.48 ~24.52 13.20 ~ 15.89 22.20 ~ 37.87
L=}
s - PIE  6.94£3.09°  8.34+4.39°  19.79+4.67° 34.31£522° 57.074£25.98° 18.2245.68" 7.3442.29°  24.04+4.86"
e
JiF 4.31~14.00 0.08~1537 14.86~27.48 27.29 ~43.42 1.29~8232 11.11~26.16 5.06~12.51 18.66 ~34.36
roygE B 7974319 3.0544.26  23.6246.46  31.7248.12 49.79+21.01 25.52+7.20 11.36+£3.24  27.06+5.68
M S 1.90~ 14.00 0.08 ~15.37 13.28 ~44.26 14.67 ~48.39 1.29~82.32 11.11 ~37.65 5.06~15.89 18.66 ~37.87
- Pl 86.32+3.21° 11.01£11.54° 55.86+6.82° 54.10£12.12° 30.50+8.97° 40.81+8.15" 28.47+4.29" 38.32+6.23"
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Fig. 1 Correlations among heavy metal fractions and physical and chemical properties in the surface sediments of typical bays

from Guangxi
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