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Table 1
Sy Hr I H

Analysis item

Analysis items, detection basis,and typical detection limits

A6 AR

Detection basis

HRIRG Y R

Typical detection limit

Hg Soil and sediment—Determination of mercury, arsenic, selenium, bismuth, antimony—Mi- 0.002 ng/
crowave dissolution/atomic fluorescence spectrometry (H]J 680—2013)1%" . rg/g

As Soil and sediment—Determination of mercury, arsenic, selenium, bismuth, antimony— Mi- 0.01 /
crowave dissolution/atomic fluorescence spectrometry (HJ 680—2013) " UL pee

Analysis methods for regional geochemical sample—Part 2:determination of 27 components

In including calcium oxide ete. by inductively coupled plasma atomic emission spectrometry 0.03 pg/g
(DZ/T 0279. 2—2016)"]
Th Analysis methods for regional geochemical sample—Part 2:determination of 27 components
including calcium oxide ete. by inductively coupled plasma atomic emission spectrometry 2.00 pg/g
(DZ/T 0279.2—2016)"""
Ni Analysis methods for regional geochemical sample—Part 2:determination of 27 components
! including calcium oxide ete. by inductively coupled plasma atomic emission spectrometry 0.20 pg/g
(DZ/T 0279, 2—2016)
C Analysis methods for regional geochemical sample—Part 2:determination of 27 components
u including calcium oxide ete. by inductively coupled plasma atomic emission spectrometry 0.50 pg/g
(DZ/T 0279. 2—2016)"*"
Pb Analysis methods for regional geochemical sample—Part 2:determination of 27 components
including calcium oxide ete. by inductively coupled plasma atomic emission spectrometry 0.70 pg/g
(DZ/T 0279, 2—2016) 2
Cd Analysis methods for regional geochemical sample—Part 5:determination of cadmium con- 0.021 ng/
tents by inductively coupled plasma mass spectrometry (DZ/T 0279.5—2016) ] : nere
U Analysis methods for regional geochemical sample—Part 6:determination of uranium con- 0.009 pg/
tents by inductively coupled plasma mass spectrometry (DZ/T 0279. 6—2016)"% ' nere
Cr Detailed investigation of soil pollution in China technical regulations on soil sample analysis
0.50 mg/kg

and testing methods (Environmental soil letter (2017] No. 1625)
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Table 2 Heavy metal concentration ranges in surface sediments
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Syt FEAECn/N) W T/ (m/ ) i ) FRIMER 2/ Cmg /) 5 RB %
Analysis item Sample size (n/N) Concentration Mean/(mg/kg) _ Standard Coe_ffm_mntoof
range/(mg/kg) deviation/(mg/kg) variation/ %
Hg 28/28 0.003—0.032 0.013 0. 008 61.5
Cr 28/28 5.00—161.00 68. 00 28. 80 42.4
Zn 27/28 0.03" " —96.90 42.80 27.30 63.8
As 28/28 1.17—8.18 3.52 1. 85 52.6
Cd 27/28 0.021" " —o0.101 0.046 0.024 52.2
Ni 28/28 2.23—36.30 20. 10 9.12 45.4
Cu 28/28 3.18—27.70 13.70 7.21 52.6
Pb 28/28 6.40—38.50 23.90 9.28 38.8

Note:n/N indicates that there are n measured values above the detection limit out of N samples,i. e. detected. * * indicates results of concentra-

tions below the detection limit, which was used as the lower limit of concentration range for statistical analysis.
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Table 3 Concentration ranges of heavy metals in surface sediments of the Beibu Gulf over the past 14 years

- WL/ (mg/kg) i
F 5% X 35 Concentration range/(mg/kg) ﬂj‘llﬂ
Study area - Time
Cu Pb Zn Cd Cr Hg As Ni
Beibu Gulf 3.18— 6. 40— 0.03" " —  0.021" " — 5.00— 0.003— 1.17— 2.23— 2021
27.70 38. 50 96. 90 0.101 161. 00 0.032 3.18 36.30  (this study)
29.75— 7.12— 4.55— 0.030— 6.28— 0.010— 2.40— ND 2006
145.70 19.33 112.54 0. 280 83.92 0.160 23.09
6.72— 16. 99— 73.15— 0.030— 20.69— ND ND ND 20078
25.95 57.98 112. 25 0.120 56.47
4,97— 17. 90— 14. 20— 0.040— ND 0.005— 2.10— ND ND™)
28. 20 38. 00 110. 00 0.120 0. 280 15.50
Fangchenggang 5.60— 18.00— 19. 90— 0.040— 18.90— 0.020— 3.80— ND 202111
sea area 23. 80 44. 20 97.10 0.100 75.90 0.090 16. 30
Qinzhou Bay 1. 89— 11.45— 28.01— 0.080— 6.61— ND ND 9.30— 20132
43.50 70. 32 121. 00 0. 280 84.91 41.07
0.00— 8. 65— 12.09— 0.040— 2.18— 0.034— 10. 87— ND 2018%%)
21.93 30.73 74.23 0. 420 21.06 0.118 22.27
1.51— 6.55— 14. 28— 0.078— 21.49— 0.010— 4.19— ND 20211
58.25 40.53 93.43 0.477 52.95 0.061 18. 60
Beihai 1.40— 8.00— 4.15— 0.010— 57. 90— 0.010— 1.61— ND 20075
sea area 12.90 39.50 86. 40 0. 300 259. 00 0.070 36. 20
Tieshan Port 2.00— 1.90— 6.80— ND 4.90— 0.004— 0.34— ND 20208%%
21,30 30. 20 103. 00 79. 30 0. 029 10. 60
Guangxi coastal 1.70— 3.90— 7.10— ND 5.90— ND ND ND 200701
waters 129. 20 94. 50 321.00 137. 80
Beibu Gulf 0.00— 4.20— 1.60— 0.000— 0.00— 0.003— 0.52— ND 2010L%4+%]
nearshore 50. 90 97. 90 156. 00 0. 450 65. 20 0.160 27.00

Note:“ND” means that the data was not provided in the literature. * * indicates results of concentrations below the detection limit, which was

used as the lower limit of concentration range for statistical analysis.
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Fig. 2 Predicted distribution patterns of heavy metals in surface sediments of the Beibu Gulf
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Table 4 Statistical analysis results of radioactive elements/nuclides and organic matter in surface sediments

N e 0
SR AR G /N 3 31 Il 2 2SR %
Analysis item Sample size(n/N) Range Mean Standard Coeficient
ySIS ples ‘ g deviation of variation/ %
Th 28/28 3.680—30. 300 mg/kg 13. 200 mg/kg 5.760 mg/kg 43.6
U 28/28 0.740—3.390 mg/kg 2.210 mg/kg 0. 838 mg/kg 37.9
210pp 28/28 14.70—187.00 Bq/kg 90. 10 Bq/kg 52. 30 Bq/kg 58.0
2394200 28/28 0.012—0. 451 Bq/kg 0.166 Bq/kg 0.145 Bq/kg 87. 3
Organic matter 28/28 0.500% —9.000% 4.090% 2.200% 53.8

Note:n/N indicates that there are n measured values above the detection limit out of N samples,i. e. detected.
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Fig. 4 Predicted distribution patterns of radioactive elements/nuclides
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Table 5 Concentration ranges of heavy metals in surface sediments and Marine Sediment Quality (GB 18668 —2002)"*

WIELH/ (mg/ke)
ﬁm}’)ﬁ_ﬁ Concentration range/(mg/kg)
Analysis item A5 o KA b7 CoE S o5 = KA b
This study First category indicator Second category indicator Third category indicator

Hg 0.003—0. 032 €<0.20 0. 20<<C<20. 50 0.50<<C<1.00
Cd 0.010—0. 101 C<20.50 0.50<<C=<1.50 1. 50<<C=<5. 00
Pb 6. 400—38. 500 C=<.60. 00 60. 00<<C=<.130. 00 130. 00<<C=<250. 00
Zn 0.030—96. 900 C<.150. 00 150. 00<CC<<350. 00 350. 00<<C<<600. 00
Cu 3.180—27.700 (C<<35.00 35.00<<C<<100. 00 100. 00<<C<<200. 00
Cr 5.000—161. 000 C<<80. 00 80. 00<<C<<150. 00 150. 00<<C=<<270. 00
As 1.170—8. 180 C<<20. 00 20. 00<<C<<65. 00 65. 00<<C<<93. 00

Note:C means the concentration of analysis item.
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Fig. 6 Concentrations of Cr in surface sediments
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* and * * indicate the correlations are significant at the 0. 05 and 0. 01 levels (double-tail) , respectively.
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Fig.8 Spearman correlation and cluster analysis of heavy metals and radioactive elements/nuclides
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Table 6 Spearman correlations between organic matter,heavy metals and radioactive nuclides/elements

Cr 20pp, As 289200 py Hg Zn Ni Th U Cd Cu Pb

OM —o0.11 0.35 0.51°" 0.55"" 0.56"° 0.89°" 0.84"" 0.79"" 0.82"" 0.83"" 0.82° "  0.87""

Note: ¥ * indicates the correlation is significant at the 0. 01 level (double-tail).
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Distribution, Risk , Source Apportionment, and Implications for
Environmental Research of Heavy Metals and Radioactive Ele-
ments/Nuclides in the Surface Sediments of the Beibu Gulf

XU Zeyue',LIU Manging' " * , HE Xianwen' ,ZHOU Hualong' , HUANG Meiqin' ,

GUAN Yongjing”, HE Hua®,LIU Zhiyong’ ,GUO Kaixing' ,LLU Ying',HE Jiman',

WEI Qiuyang'

(1. Radiation Environment Management and Monitoring Station of Guangxi Zhuang Autonomous Region, Nanning, Guangxi,
530222 ,China; 2. School of Physical Science and Technology,Guangxi Key Laboratory for Relativistic Astrophysics, Guangxi Uni-
versity s Nanning , Guangxi, 530004 , China; 3. School for Radiological and Interdisciplinary Sciences (RAD-X) ,State Key Laboratory

of Radiation Medicine and Protection,Soochow University,Suzhou, Jiangsu,215123,China)

Abstract ;: This study comprehensively analyzed heavy metals (Hg,Cr,Zn,As,Cd,Ni,Cu and Pb) and radioac-
tive nuclides (***U,”* Th,*""Pb and *’"*"Pu) in the surface sediments of the Beibu Gulf of China,aiming to
assess their environmental risks and investigate their effectiveness as environmental indicators. The results
showed that except for the Cr concentration in some areas exceeding the standard of the first category of indi-

cators in the Marine Sediment Quality (GB 18668 —2002), the concentrations of other heavy metals were
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lower than the standards of indicators in the first category. The environmental risk assessment of radioactive
nuclides showed that **U and ** Th belonged to the second level (safety level), while *'*Pb and *"*"Pu still
lacked assessment criteria, Some heavy metals and radioactive elements nuclides showed a “T” type distribu-
tion, which implied a variety of pollution sources and transmission mechanisms. The results show the unique
source phase tracing potential of radioactive elements/nuclides in marine environmental monitoring and man-
agement. Moreover, the results reveal that the research on marine radioactivity as an interdisciplinary subject
can give new insights into the research on protection and comprehensive pollution control of the marine envi-
ronment.

Key words: Beibu Gulf;surface sediments; heavy metals;radioactive nuclides; environmental risk assessment;

spatial distribution;implication for environmental research
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