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Abstract In December 2010 and December 2020, samples were taken in the Lingding Bay of the
Pearl River Estuary to investigate its arsenic pollution change. These samplings were of nearly the

same locations and quantities. Only surface sediment samples were collected in 2010, while surface
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sediment and water samples were collected in 2020. The arsenic contents of the water samples and all
sediment samples were measured by using atomic fluorescence spectrometry (AFS) and ICP-MS,
respectively. The results showed that the dissolved arsenic content in the water of Lingding Bay was
about 2 pg-L™" with no significant deference in geographical distribution, which was similar to
previous results since 1976, indicating that the arsenic content in the water of this sea area has not
changed significantly during the past 40 years. The mean arsenic content of surface sediment was
52.98 mg-kg™ in 2020, which is twice as that in 2010 (25.40 mg-kg™" on average). In 2010, the
arsenic content of surface sediment decreased gradually from the watercourses to the open sea, while
the spatial distribution characteristics of sediments arsenic content in 2020 was almost opposite to
that in 2010. After a comprehensive analysis, it was believed that the main reasons for these changes
in arsenic content of surface sediment during the past 10 years were as follows: 1) The total amount
of arsenic input from land areas was still large, 2) increased human activities on the water input more
arsenic containing pollutants into the water, 3) The intense disturbance of human activities and
changes of water environment had led to the release and transfer of arsenic in the sediment to the
surface. In general, the potential risk of arsenic pollution in the Lingding Bay of the Pearl River
Estuary was still severe. Further monitoring and remediation work should be enhanced in the later
stage.

Keywords Lingding Bay, water, surface sediment, arsenic pollution, spatio-temporal change.

e R oA B R R 2R R, AT AR REBE AR AT R AR, WTad g K L R A5 i
P AN E X5 A AR R i 35", F 9 [ B e T 5 v 0 A58 S — SR B0 ). il R R 32 2
FLAE AT AR IAC RIS A 7 A 35 7 26 10 3 TR FE 0, BR a7 e [l el 4 A 2B 425 Y % e il
Tl AR AR o 7 S iR 5, R AN T A L NI Bl N A T i DX S R A i e A R
ik . BLHEHERL . RAUTRESE 2 R0 07 PR IR W AT X, e 0 e K B A Rl A K A A R N
R, TIHB BRI, £ XA YR 450 A, S B S R QR A, I al e th s X A
S R A TR A U A KA R R 25 AL A ) ORI 23 Tl A5 R B Ay AR Wi A e K
R TV AR S5 2 AN TCRR A v SRR, (A5 30T 10 R0 o DX S0 AR A 1A ¥ e 0 1) S A7 A . ) —
JTTL, GOKARIREE A AR AR, TORRP 25 G A n] 3 5 Ak 2 A A DDA R - [T 2K, S BUK IR ik
fift 5 e 10 Rk, GURRH BR & /K AR T3 Qe AL, SRR e 6, LB R O0 B C R BK Y
4.

BRUL VAL T B RS X A% Lo AT, 2 3 1 PR3 75 Gl /™ T B AT 1 22—, et 6
EJET5 Y. RN IE B R, (H N RS E R AT, AT 7R R S e v, A AR A
Hh AL o A ) I 40 AR B ] £ KON R B, S T BRI T 9SS A 0 g R 0 A R R AR R A0S
2, FLh TSR] 300 Ay ) e T AR s Y AT 25 5, A BORE AR O B R R B L SR B0 Ul 7 5 76 55
ANTR], A 50 T ER YL 1 322 DURR M A 55 B B G 145 R 25 S JOR 17, R LU 22, AN T IX A 5 v AL
.

PAT IR BRI 25 ol i ey 5 e vy A9 8 IXCC 0, AR S04 B R BROBR VL O ASAT 3 S 05 XL, A
R ZUURI AR AR i 5 1k 1) B 23 AR AR REAE, DUDTA DX f 4 3 653 PR AL B Al

1 #MBL5 )7 (Materials and methods)

1.1 W58 X HENL

BRYL T PR T4 /N K F T TAS B, S BR VK 2R 28 R VT = A NP SRS T A r T i A 11 (8T 1) BR
K Z MG, dUTT . RITESEA N, T4, B A W B2 2 Ay, 7K R B i A e IS ) o
2 U RR A SR X R AR DU, BRTT B Vb 0 80% TTARTERRIT I, 1 Hirh i 60% LA b X ITFRAE 1 45 10



10 4] FHBUE 55 BRIT AT AR AR S )2 DU B 5 e v 22 72 1 3343

FTTORNT AT BEAT T R K TEAA A AT R, BRTTK AR E AR RV = P SN E 9 o
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Fig.1 Location of Lingding Bay in Pearl River Estuary and distribution of sampling sites

(Base map from the reference[19]; Borehole data from the reference [20] )
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K Zoller %545 H Y & 4 22 80 (Enrichment factor, EF ) 2P Wi & SR F2 5, ¥R A N 1% shxf 522
TURY e BR AR AT

C C
-(5]1%
G Huﬁa/ CoJarn

A, EF, WIC R EE R, G MR & i, C, AS IR & i AW SER B 1 B gL &5 Y
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2 51 5308 (Results and discussion)
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[V U ) o i bR 1 GB 18668—2002, L AR it i) Jo1 s bm i : —28<20 mg kg™, —28<65 mgkg',
= 2K<93 mg-kg " F A B AARAER] Sy, AT WK IR ZUTRPITE 2010 4FRT, 82.1% b 2%, 17.9% J—
245 2020 4FEHT, 30.8% =35, 61.5% H 2K, 7.7% H—3%.

7 S ZRBORT LA i S e B0 114 23 18] o0 A L AR 2] 2010 4E IR S R0 AE S R BCH 0.35,
2020 4EHF Sk 0.38, S FBR i SEAR S, B, DL B B B A A AT R 28 2 DU A Al i s [ 2 S PR AR A
b AR A b A B AR R (& 2), 2010 4FBHTTR 6 2 K BCR IR 1T 3 5 X 3 1)
T 11 Y RIS 3 7 1) 23 D )RR AIE , 2020 AF s I BN 5 10 4F [ S A AT I (i #a 3, OB e 25 i by e
o DI ) I a3, 55 KA Y R B R R 1 s T AR Ak R AR L.

113°30'00"E  113°40/00"E  113°50'00"E & 113°30'00"E  113°40'00"E 113°50’00”E§

22°40'00"N  22°50'00"N  23°00'00"N
22°40'00"N  22°50'00"N  23°00'00
22°40'00"N  22°50'00"N  23°00'00"N
22°40'00"N  22°50'00"N  23°000

el
Zhgshan

22°2000"N  22°30'00"N

22°20'00"N  22°30'00"N
22°20'00"N  22°30'00"N
22°20'00"N  22°30'00"N

113°30'00"E  113°40°00"E  113°50'00"E 113°30'00"E  113°40'00"E 113°50'00"E

113°30'00"E  113°40'00"E  113°50'00"E & 113°30'00"E  113°40'00"E  113°50'00"E &

I
Guangzhoeu

22°40'00"N  22°50'00"N  23°00'00"N
22°40'00"N  22°50'00"N  23°00'00
22°40'00"N  22°50'00"N  23°00'00"N
22°40'00"N  22°50'00"N  23°00'00

22°2000"N  22°30'00"N

22°20°00"N  22°30'00"N
22°20'00"N  22°30'00"N
22°20'00"N  22°30'00"N

Zhuhai
-

113°3000"E  113°40'00"E  113°50'00"E L133000°E  113°4000"E 113°50'00"E
2 2010 15 2020 AFAATHER)Z DU B0 &5 i S i AE AR A5 fE X 1L
Fig.2 Comparison of arsenic content and Potential ecological risk in surface sediments of Lingding Bay in 2010 and 2020
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3 5 TR 1981 4FFFHE (VR T AR, JJ2UTBUIURE T J 0—30 om, SR F Ag-DDC H (i
TRITH G 3 /\ K T]) 45 A TUBU RE A B 35 M LD 3.00—27.34 mg-kg™, F-3 16.67 mg kg™ s
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1997 AE XI5 SCAEFF JR AR AT WD URR il vy, 8 S it FH B ) SRAE 2R AR BBORIRAE it , PR IR TC AR A AT A Tt
T 0—5 em fE R R ZFE, R R F Wk fHe 3 A 21 AR )2 B & RIS B 1.00—
9.00 mg kg™, F-1 5.24 mg-kg™1%; H AT 2003—2005 AEFEERTT (R —HE TR RS, FHEHULTH
BB 0—20 cm B9 LR W) AE S 32 )2 FE, SR ] ICP-OES ¥: 1l 15 76 4> K& & 09 & 95 Bl 4 5.54 —
104.00 mg-kg ', F14 26.36 mg-kg '!'; Bi % T 2005—2008 4= FH 5 H Ak FH 409 [R]RE 1Y R AL 712, 3K45
291 D ERVLH R BUURYIAE, IF R R 1 2OG AR FE f i i 5 s F Y 1.93—39.49 mg kg ', 11
21.90 mg-kg "% SF A S EG AR B 0T LR 22, BRI, 3 HE AT AR AS AMORE K B RDRUBEE A9 X e
I3,
2.4 AT HER)Z DU A oA 5 B L5 g s 23 A8 A it R PR

BRUT =AU Bl 2 DX A TR F 2 VT AUV AR SRV B i S M o e KA L sk | iz T 9,
TN 1) 5 A0 AU U U AR ) v ) e 5 i ) B8 3 O, R R AR ) R TR VT A T B B T
P VLA X ) BT 7 [ GAA 23 A1 1) 4 A3l s R SEDURR Y 5 8 (I & LI 1) IRtk 2= o i, 45
W IR, M IX Y S DU 22 DA A /N 10.00 mgrkg !, YR 8.17 mgrkg !, A A A Z
I8 X SR T AR A B 5 B (EL, B, A SRR TR ARG A R 5T TR R A A — R 1.50—2.00 mg kg B2,
HZAH L, B8 XTI s sHEA & O W & T Hoe P, X 57 UL LR EARE
2 4 R IR LA AE G0,

B2 A SR 5, WIDTRR A h R ax i A O HEL. B 2R R AR R I R AEA R i e s R
JE A2 NS W R A0 8T BP9, U5 Sutherland®® F1 Blaser 2507 (23 K7 26, it T AT BERZ UL
B Y & 45 R B0(BF) (£ 1), 85 5 8w, 2010 4E8F A9 EF AT 0.94—4.99 ], S35 8 2.61, 2
WETTAR Y b %) B AR R Ko 32 N Ry s A B LA TP 2R £ (71.43%) , HoUR ORI (25%) . 2020 4E}
Y EF AT 2.17—12.73 [a], E258 6.47. B () EF {E14 KT 2, F878 2020 4RI B A7 8 A ol s i 22
DU AZ ) 1 rh B LA B A s e s, b BRI 7 LY 30%, S 2E G0 7 Lk 2 70%, A ChHERCE
(3G I R AR AT PER Z DU B9 AL 10 4R R E— 20 & 00 E 1.

x1 HTERBIBY PR EERBSITER
Table 1 Statistics of enrichment factor of arsenic in surface sediments of Lingding Bay

& /%

WA B ) R Percentage
Enrichment factor Enrichment (human impact) degree 20204 20104
<1 ¥ 0.00 3.57
1—2 LT 0.00 25.00
2—5 I 34.62 7143
520 B#F 65.38 0.00

PTG VT 378 3ok 23 P A (0 S A R 9 TSR 3% B 8 2 B VT S T A 900 7 AR T i ) e 2
FERYFLS 0 LT A VTR A, BTAIFFE G 0, % R T AR B . L BRI A i 90% LI
FORIR T WAL PRI S35 309, SRS T AR B S A0 &, (045 2015 45 RAE A BRIT IR BRAE A 43
B 48 SR, L PG VT A0 0 VT 2 2 DU R SF 2 A K AR AE 30.00 mgkg ! ZE A, e i A i 1
100.00 mg-kg " (32 2). ALITH vk BRI PE VT ZAMR 209, (HALTT TR & 4 8 A ikt Al o0,
PRI T G B kAl RS T 290

B2k [ BR YTV R B A, BRER T O T R HE R A4 R e 2 S B0 1 SR B e i o R R
BRI A g =0 YT B0 B3, 1 S0 i LR, it == A X1l R 24 AR I ) 22 R, %
29930 VB9 RO T B U 8 2 ) A 72 A0 A 358 2 0 bt s 91, B AT VB 1IN L R 32 bl o
45— BRI AL T, LB, B G B 35 AT A B AR A, Tl A 7R HE R B B R A 7 2
WGP T HEAR TR T T 1 TR GE AT 1 Al AR 7 e A I R 24 R
FEVECE 4 S 5 S RN ), YR58, O T RS [ 40 4R ], Bk = A X 32 H IR 1 2 i
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M 9.20 mg-kg! EFFEN T 17.18 mg-kg "™, 1 A 5 B A ST o AR i s i AR S AR
1, A AR 7 e AR S RN 28 B9 ol P 0 2 3 BEK 3R A5 e 8 53 b — o R
F2 IR S ESIHER (ng kg ")
Table 2 The statistical characteristics of arsenic in the Pearl River Estuary and Delta(mg-kg™")

FEARSETY KA ] R SFHE AR SCHR R [RS

Sample type Sampling time Range Average Number of samples Reference Method

N 2010 7.00—47.30 25.40 28 B ICP-MS
FBATHRIZTIRWY N

2020 19.20—89.90 52.98 26 ABFY ICP-MS

b7 SNV | A UV ERR ALY — 1.00—45.71 8.17 171 [20] ICP-OES

PYILILARY G LA T ) 2015 11.12—107.18  34.23 68 [38] ICP-MS

VLU (FEHI LA 2015 12.88—68.10 29.74 22 [39] ICP-OES

LTI GRIELATR) 2015 1.44—95.80 28.39 16 [39] ICP-OES

ARILUURR (ML) 2015 3.44—22.54 9.59 10 [39] ICP-OES

DL E ok A R Ts ge ) A A& DT HE ABRIT O 38 7 A M VR & A ) ) A A 80 i
78, 2002 F 2017 A5 [R] 2 BR T 10 K O T THERCA W A R & DL 2005—2008 45 57, 2009 4F A i 1]
&, Z 5 FF UGN B R AR L, B 2017 4F, 4FE mAK AR & T 2002 4F (18] 3). P e B s #I b, 3 10 4F
B8] 28 /\ K 11T A BRI F1 A Bl 3R 5 A i ERSRARSR B RS, (N AN 2 LA S BUSAT ¥ 3R 2 DR i i) &5
AN RS, PR HEI, Sk B e A RS R R N R ) T — B VEF, 6 a0 A S R sl
HES
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Fig.3 Arsenic carried into the sea by the Pearl River Estuary through the eight gates (tons) Data source
Bulletin of Guangdong Marine Environmental Status (2001—2017)
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WAk, K TR H G T3S S, AnA ATV A KA i o H HS BRI | IRl E A, %
Jiti TR 2010—2020 4F[]. AR TS 2h LA R gt TREER vl B K b HETS, FLrpml e & A [R]
-, 25 i X A4 A T Vg SRS e i Bt S0 1 A 52 A e 1 e P30 T R %) 02 400 BT a0 A K AR, 0t 7
BIF—TUTRRVE R, B R Z DT h i —EB 47
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Table 3 Potential ecological risk factor of arsenic pollution in surface sediments of Lingding Bay

o7 /%
E KU Percentage
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