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Abstract: The migration and fate of pollutants discharged by human into marine environment are
mainly controlled by the transport processes of seawater and particulate matters. By utilizing natural or
artificial radioactive isotopes, which are widely present in the ocean, the timescales of seawater and

particle dynamics can be quantitatively evaluated. During the period of October 2019 to January 2020,
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the activities of dissolved radium isotopes (***Ra, **Ra, and **Ra) in the water body and coastal
groundwater in Guanghai Bay, western Guangdong Province, China were investigated in this study.
Meanwhile, the activities of particulate nuclides ("Be, 2!°Pb, and #*Th) of surface sediments and
suspended sediments were also investigated in the same sampling period. Based on the collected data of
radioactive isotopes, a comprehensive study on the timescales of transport processes of seawater and
particulates in Guanghai Bay was carried out. The residence time of water in the bay was calculated by
using the improved ***Ra/?®Ra model, and the results show that the timescale for the migration and
spread of water and its dissolved pollutants carrying to the outer of the bay is around 1 day.
Additionally, two box models for the particulate "Be and 2'°Pb were constructed, respectively, based on
a quantitative assessment of all sources and sinks of both isotopes in the water body. The results reveal
that the atmospheric deposition compared to the local river input is one of the most significant sources
of "Be or ?!%Pb in the study area and the net tidal export from the bay to the open sea constitutes the
primary sink for the particulate "Be in the water body. For the particulate 2!°Pb, the sediment burial is
the major sink when the sedimentation rate is as low as that of islands located outside the bay (i.e.,
0.78 cm/a). Whereas the input of suspended sediments from the Pearl River, which is carried by coastal
currents of western Guangdong, becomes the most important source when the sedimentation rate
increases to 3.0 cm/a of Pearl River estuary. The residence time of particulate matters in the bay was

"Be, 2'%Pb and *Th residence time models for typical bays,

estimated by using the particulate
respectively. The results show that the residence time of particles calculated by "Be and ***Th was quite
similar, approximately 2 days. In contrast, the particulate residence time estimated by 2'°Pb was much
longer, ranging from 12 to 45 days, with shorter particulate residence time corresponding to higher
sedimentation rate. Comparing the estimates of residence times for particulate matters and considering
the contribution of sediments from Pearl River, the study concludes that the particulate residence time
calculated by 2!°Pb provides a better indication of the timescale for the transport processes of particles
and their associated pollutants in Guanghai Bay. The findings of this study are intended to provide a
theoretical basis for scientifically evaluating the pollutant carrying capacity of Guanghai Bay. This
comprehensive understanding of pollutant transport and fate will support more informed decision-
making in environmental management and pollution control efforts, ensuring the protection and
sustainability of the marine environment in Guanghai Bay.
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Fig. 1 Radionuclide sampling stations in Guanghai Bay
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Table 1 Activity concentrations of radium isotopes in water of Guanghai Bay

B[R 283G VR %/ (mBg/L)

tﬁk I‘II—IEP% ?%JE./OC m’;]{ 224}{a 223Ra 228Ra
16# 253 24.8 18.540.9 1.0£0.1 16.5+8.9
GH1 253 23.4 13.1+0.8 0.7+0.1 144435
GH3 25.4 21.1 16.5£0.9 0.8+0.1 17.043.4
GHI5 234 235 23.7+1.1 1.120.1 21.0+4.3
TSJ-02 24.8 223 21.5+1.1 1.120.1 23.8+4.9
TSJ-05 24.7 247 15.3£0.8 1.0£0.1 13.9+6.9
FHE 24.8 233 18.143.9 1.0+0.2 17.843.9
Fieniz| 23.4~25.4 21.1~24.8 13.1~23.7 0.7~1.1 13.9~23.8

R2 BEREERBEHERMEEERE

Table 2 Activity concentrations of radium isotopes in waters of Guanghai Bay and nearby coastal zones

i R 25006 BEVR B/ (mBqg/L)

i 2Rq 2Ra 25Ra
BRIT I S B AR g0 0.02~7.33 0~0.32 1.14~10.2
KA 2.5~49.0 0.2~1.5 23~16.7
HEPGRR53HE AR R 0~5.83 0.01~0.36 1.58~13.0
S 13.1~23.7 0.7~1.1 13.9~23.8
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Fig. 2 Activity concentration distributions of ***Ra, ***Ra, and ***Ra in surface water of Guanghai Bay
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Table 3 Activity concentration of radium isotopes in groundwater of Guanghai Bay
R EL 29 e/ (mBg/L) R
FEfmA HhEE P
224Ra ZZSRa ZZSRa
Jo 0 142.3+7.6 2.0+0.5 151£27
J1 0 141.5+£7.0 2.0+£0.5 106+18
12 0 35.9+4.0 1.5+0.4 59.0+12.2 AW5E
13 0 62.3+3.2 0.6+0.3 27.8+4.1
GH17 8.0 70.4£2.8 1.7£0.4 40.6+4.1
GW2-1 23.6 90.7+0.7 4.2+0.5 82.0+2.5
GW2-2 25.1 92.8+0.3 3.3+0.3 61.5+1.8 Dai %£(2021)1
GW3 24.1 335+1 12.8+1.2 262+7
FHfE 10.1 121494 3.543.9 98.8+76.7
{1 0~25.1 35.9~335 0.6~12.8 27.8~262
22 BRESZRLEE MR 4 n] UL, J7 VS SR AR 19 6 AN iR UKL AT
1) B FkLY) 3AHEALA 7 Be, ¥ HY ex®*Th Hil ex?'Pb, £24¢

AR CLIBTh fI28U, 219Pb FI2°Ra (22 {HITH5E 31, 7Be. ex®**Th, ex?'°Pb i &5 43 % M
IF 24 Th(RP ex?*Th) Fad F2Pb(RP ex?'°Pb) b (3.2242.31) | (7.8+5.5). (34.7£15.5) Bg/kg, 284k [l
WEE . AR R S R WIS TR 4. S0l ARk ~6.39, 0.8~17.8. 21.6~63.5 Bg/kg.
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Table 4 Specific activities of particulate nuclides in water of Guanghai Bay

_ W Ll %/ (Bg/kg)
A BIRERAIR I (kg/m?®) ~ — - o . F— po—
16# 0.12 A 32.846.7 257433 7.1£7.5 36.9+8.8 9.6+0.5 27.343.0
GH1 0.12 A 35.9+4.7 18.142.5 17.845.3 33.747.8 9.9+0.6 23.9433
GH3 0.13 A 30.6+1.9 29.8+3.2 0.8+3.8 30.0+4.7 8.4+0.5 21.6+2.1
GHI5 0.29 6.39+1.62 53.8+7.6 46.5+3.8 7.348.5 82.0£9.5 18.5+0.7 63.5+4.4
TSJ-02 0.25 3.43£0.95 40.245.1 40.245.1 6.345.9 48.7+6.7 9.0+0.4 39.742.2
TSJ-05 0.13 5.53+1.82 35.2+5.4 35.2+5.4 7.4£6.3 43.4+83 11.240.6 32.243.6
FEIME 0.18 3.2242.31 38.148.3 30.349.5 7.8+5.5 45.8+19.0 11.1£3.8 34.7+15.5
Fienz| 0.12~0.29 A~6.39 30.6~53.8  18.1~465  0.8~17.8  30.0~820 84~185  21.6~63.5
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Table S Specific activities of particulate nuclides in surface sediment of Guanghai Bay

WE WG/ (Ba/kg)

i Be 24T 28 ex®Th 210ppy 26Rq ex?1°Ph
9% A 73.9+8.0 74.6+6.3 — 102+14 36.4+0.8 65.6+14.0
10# A 12112 75.146.6 45.9+13.7 52.9+7.2 36.3+1.3 16.6+7.3
154 6.54=1.49 78.0+9.0 56.0+7.3 22.0+11.6 11517 29.9+1.0 85.1£17.0
16# A 123+12 60.6+8.0 62.4+14.4 53.3+7.0 35.1+1.2 18.2+7.1

GHI A 67.9+3.7 74.5+5.0 — 67.9+8.9 33.240.8 34.748.9

GH2 A 62.2+3.1 68.9+4.2 — 64.0+8.4 30.0£0.8 34.048.4

GH3 A 85.6+4.5 57.3+7.6 28.3+8.8 68.8+9.8 31.3+1.1 37.549.9

GH4 A 118+12 54.0+6.9 64.0+13.8 48.4+7.1 29.4+1.0 19.0+7.2

GH5 1.63+0.33 69.9+6.2 61.0+7.8 8.949.9 11111 30.3+1.0 81.0+11

GH6 A 11112 59.5+7.5 51.5+14.2 53.6+7.8 29.0+1.0 24.6+7.9

GH7 1.79+0.53 50.3+2.9 62.7+5.1 — 10116 29.9+1.0 70.9+16.5

GHS A 60.3+6.7 49.146.4 11.249.2 92.1+12.9 28.0+1.0 64.1£12.9

GH9 A 53.1£6.6 61.5+3.7 — 86.4+13.0 29.6+1.0 56.8+13.0

GH10 A 65.0+7.4 67.4+7.9 — 122420 33.2+1.1 88.8+20.0

GHI1 7.63+1.91 75.148.1 67.0+8.7 8.1+11.9 150+20 36.9+1.3 113+20

GHI12 A 66.2+7.7 50.6+6.9 15.6+10.4 102+15 30.8+1.1 71.2+15.0

GHI3 7.76£1.77 170+18 79.6+10.0 90.4+20.6 97.4+13.6 39.6+1.3 57.8+13.7

GH14 7.29+1.68 82.3+10.0 87.4+6.6 — 104+14 38.0+1.3 66.0+14.1

GHI15 A 74.9+1.4 85.4+6.1 — 10912 36.440.8 72.2+11.8

GH17 9.88+1.72 105+2 77.149.1 27.949.3 13718 452+1.5 91.8+18.1

TSJ-02 8.60+0.70 144+14 61.543.7 82.5£14.5 90.3+11.8 37.2+1.1 53.1%11.9
TSJ-05 3.65+0.88 75.7+7.9 56.0+7.4 19.7+10.8 12417 34.6+1.2 89.4+17.0
TSJ-12 A 38.542.2 45.9+6.0 — 18.6+3.8 12.8+0.3 5.843.8
SFHH 2.95+3.15 85.7+32.2 64.9+11.4 23.4+28.7 90.0+32.0 32.846.1 57.3+28.8
bz A~9.88 38.5~170 45.9~87.4 0~90.4 18.6~150 12.8~452 5.80~113
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Fig. 3 Specific activity distributions of "Be, 2*Th, and *'°Pb in surface sediment of Guanghai Bay
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LV AN A e ), # HE22*Ra/? Ra R DL T
JKARH BRI ] o Zhang 5518 MZAAIHEF TS 1E, BR
T 1R K A, K T G T 5 108 BT R AU 2 TR
4 A R Tt B A B Sk PR R, B H A AR B
] 2(d) B IE TR, (D) Brs .
k (1228 - V228Ra0p) — (s — szsRaop)
= Lpadops + (KB F =24 F) + (K28 F g =2 F, sed()

)
s k S WF ST X 8RN WY R R K A & T 224Ra/
28Ra T BRI LL, IS (2) FIT/R s Loy F1 Log 53 54
WF5E X S 7K 1A 224Ra FI1228Ra e, Bq; V ABFSE X
K AR R, m; 224Ra,, F1225Ra,, 53 5 S 4K
24Ra FI2%Ra 1% FEUE T, Bq/m®; 24F, FI25F, 435 N
T i 224Ra F1228Ra i 12, Bq/d; 24F . FI228F 4 435
A2 VU P> Ra M122°Ra B &, Bg/d.

B 224Ragw _ (1 _RFX224Rans)

- 228Ragw -A —RFX228RanS)
Mo 229Ra,, R Ray, 53 51k Y5 4R K S 70
2‘Ra FI*Ra i FLVRE, Bq/m?®; Ry T HL T /K
IR 5 H; 2Ra,,, F1228Ra, 20 51 A T R KA

@)

24Ra FN?*Ra {if K, Bq/m®.

JE TS SRR 6 22 26 B DL CGCS2000 Ak R F
Gt Ry HEMEBLY e Ry T AR R, SR AR L L 100 mx
100 m [ [B] B 43 W45+ RIA%, DL Kriging 45 [ 4
PR B KK IR . 24Ra FI228Ra 176 8 vk 4 1
SR N, BERRE24Ra F1225Ra 15 B vk B T L) 4%
W BN R] 1y, M Lsg, 539N 1,,,=3.49%
10° Bq 1 1,5=3.42x10° Bq, [ 1345 18 /K Ak
Br=1.96x10° m*. RHE Dai % {18 1 g LR
1335224 Ra F1225Ra T B Wk KOF, LU EE R SF
137K 2*Raf1**Ra 1 BV BE v T (H, 43991 22 *Ra,,=
0 mBg/L#1***Ra,,=1.2 mBq/L.

T (2) Y &, DR AR BT R R K RE
it ) 224Ra F122%Ra 1% B v B2, 2545 Dai %1 1E
A AT VAR 7 A A L K R A 8 T 1 SR U R R K
UG E . 5 BN 5T XA /)N FLA [ 007 28 7% B vk
JE 2 AR A K, DU B B DUORAR IR BUR 5
24Raf1>Ra JUE-H4MH, 4351 h?**Ra,=17.8 mBq/L
H1228Ra,=17.5 mBq/L. Ry W 7K 1A B3 ik ] (1) 480s%
FEATR, —MAE 0.1~0.2 Z [H]E 19, ARSCHC 0.1, H I,
PLaC(2) T3 A4 1 T KR FE 5 9 224Ra FI22*Ra &
E3ICAA, B1**Ra,,—(1-Rp)**Ra,, F1**Ragy,~(1-Ry)-
224Ra,, K W0 2 B 2 T HOS R (EL4) ARG 4R
P kA, T3 k=1.23, K 4 H, 56 GW2 Fl
GW3 By B [ Dai 250 (T

Zhang 5518 5345 i 2 TT R W) 4R T i 2 1) Ak
Z W5 ), Kk B A IR 2 DB 22 Ra B
JiGHE A 0.53~5.22 Bq/(m?-d)E I . R/ Al 6E
o R A B30 U VS K A i B R ], AR SCHRGIT AR
24Ra B B 1 KA, BI2F, =522 Bg/(m?-d) .
5 P8BSR A XSl i )N, HL K A a1 e ) R R
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60 T 22 L1 M R /NI VAL, A,
=l . B AT 1000 k(3] 7 32 B A7 388 BT,
E G YL UM T | SRR 4, LA R 4

5 ool 1k 85942, 89.8 44, 3114, 914 1442 m*P°),

% 0 iy PG K K K R AR U 1000 km?, LR

T o o e 0 I b K300 (4~ 9 kg 8 7 I 9 = K 9

R K IR 2 4 T894 B A0 3 1 o 4
"mgi?ML R o Ay ST B A K A R I
0L R SIS T 7 T AR A A ) AT 3

0 40 80 120 160 200 240 280 320 360
(**®Rag,~(1-Rr)***Ra,,)/(mBg/L)

[l 4 UGV R MR 7K 29 Ra FI22Ra T B VR O &
Fig. 4 Scatter plot of **Ra and ***Ra activity concentrations
in groundwater samples in Guanghai Bay

JE DAL TURY) A 225Ra IR B A KA, 120 72
Al Z WA, BI28F, =0 Bg/(m?d) .

TSIV 1Y) 32 B e A Ui SR e M K K
F K ER], FR A AL T T AR M AR N
T o K /NI AR It i /0N, AR S 220 W T 45T UL
SO o MK MK R AR TN TR AR 709 km?, J& B G
VR 2R KU, 2 LR R L B USRS A AR
1T K K R R B B, FLIT A DA
JK TR, e LA o >R A J0T ] N SE PR AR i s H AT
AT SCHR L 48 24 1 4F 3 R 50 R, DEAG 8 kA K
F NG AR — i B I 2 410 m/st),

BUA V0 VS B S0 vl S 2 OB R, BRVE. K
ETE | BEPHYL, SEVLAF AR | B PRI VA AR S 2 Ra
F1228Ra H A £33 4 5.3 Bg/m® Al 3.0 Bq/m?5 161,
AR SRS B Ry YT L VS A A5 224 Ra R Ra 1Y 2
F . Moore S5 28 a] it 48 717 B 17 UKL 4 XoF
224Ra F1228Ra fif W% 1Y B KB 19 4 0.033 Bq/g, LA
TZAB 3 LA K [R) ] B V7 50K P ¥ B (29 mg/L), itk
THE K TR ] B 7 UKL 420 % 224 Ra FI122Ra Y fif T 51
BRI 1.0 Bq/m®. 75 fifk 25 5 IR W0 0 AN, A 53
J VY T 3 i 2% 224 Ra F1228Ra 1) il IG5 Bk
6.3 Bq/m® F1 4.0 Bq/m’,

B b R AR A 0 FD - 4F — 3 P g i i
(2410 m*/s) PRI s fd o0, LATRI R4S I i O, 5500
Ui, B Ui G (B 1 SR AR TH B8V VS ) 3 22 Ra 122 Ra
i F, DU TR ] i T K AR i B g
] v Z55EFRM: YA B R (0=0) B, K
A B2 B IR] 7=0.97 d; AR I f B AR — R kg
W (0=2.08x10° m¥%/d) i}, =2.71 d. 75 Ui

BRRENZIE(0=2.5x10°m*/d), LI (1) 8k
A BRI ], 7531 ©=0.98 d, T UL SR RE S 18] ) g
KA BRI 1 d A2 4
2.4 JTiEEBe #12°Pb WIRESIC

"Be(T,,=53.3 d) H FH FH 2% i KT A
B R, 2OPh( T, ,=22.3 a) lHBFE RARAH R L &
22Rn BERLHE A RAG AR E . M RETR
ST IRUCRE BRI R A, th T R
IR v 1 J R S A% R (4T R 8 K ~10° Lkg) 'Y,
HE A VE G W R T R RORL Y b, B 5 I
LY AN — W ER . s T . IS R
VoS R, AR SN [T Be FI121OPh I ff AN L 4y
FRRE I o AR VT B R R A 3R 25 (] 4 A
RAFA T U S UREZS T Be AI21OPb 3 R U 4
ARV RR AL, EE A 5508 A &
TN L DR HRN 5 AN K SE

RAJET IS 1 Be F121°Pb 1 HZ ORI Z
— o BT A R AR A I S R AR
% [ H) Be 1R AT LA BH i ) 45 B AR 20, SR
FHAS5 718 45 B e o 30 i R YT (22.5°N) [] 2%
5 Be FIZ1OPb 1 A7 T AR A KT MUK 8
VE R VS KA VTR S IC(E, 43974 1.68 Bg/(m?-d)
F10.6 Bq/(m?d)2'22), F R [BAEPR2E 5, WIKA
TIL R 3 T {8 38 LAWF 97 IX 1 22 11 PR (4.06x107 m?) ,
HEAGH R Be FI2Pb 19 KA AL F, 4351
6.8x107 Bq/d #11 2.4x107 Bg/d.

ALK [ 0] 428 37 2 5 99 3 "Bee 21 OPb it TG AE 1
Fe B, VTR AT ) I T i K AR T Be 21 °Pb 1)
TR P AR AT SR E, T AR O
O, BUE Hy 2.5%10° m*/d; SRAF I 1] K [m] 0] 52 PrAzs it
St /N TFIZAA, 33X — Rk T R Ak A T T
"Be FI21°Pb [ BT Hk B . AN ST R SR AR I K AR A
R 22 "Be FI21OPb 1T 3 v DG, A SCIE4E T H
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I 2 & 3R 1 8 1 WA 3 "Be F121°Pb 1Y A T i G
f, 0 6 o, S LW PTALLh BEANTR] L i
1 BURIE], "Be FI%1°Pb 149 AU 3 T LA & "Be/*'°Pb
KEAE T R — K, S L & 32 00 3% A i
"Be. 21°Pb {if B v BE () vh 67 BOVE R )RV B IR I
Ui JCAA, M TV () 7Be FN21OPb YA It BT Ak
i/ F, 7058 5.0x10° Bg/d il 6.5%10° Bg/d, X HLA]
Y, PR AZ ZR AT TR bR Ak A RS 1B

i/

* 6 Z=EFA RGN Be F12Pb NG iR TE
Table 6 Reported river end-members of "Be and
210ph activity concentrations of coastal rivers in China

. . 15 BEVR B/ (Bg/m?)
bERi heE "Be/*'°Pb

Be 210p
Kyt 0 2.04 3.50 0.58
T 7 J7 Sy 23] 0.03 1.24 1.76 0.71
157 3 By 0.03 2.10 4.10 0.51

iy e rane 0 - 1.55 -

EREIVES 0.02 2.04 2.63 0.58

IRV K R 7 Be . 2'°Pb R R A E i A R
FECE BN TR LI R BRI, & A
Vi VS A it 7 2k VR R 4 A T Be FN21OPb i B U B
B 0l 57 K TR R A2 TR UKL i B2, LA Krriging 45 [ 4
{35313 KR 7Be F121°Pb S, 43 N Ip,=1.65%
108 Bq 1 I;,=1.67x10° Bq, H AR MZE A &
EWER Fy 4390k 2.1x10° Bg/d 1 1.4x10° Bg/d,

]S Be., 21OPb YRR & F, R H(3)
I,

Fy = AypRS (3)
Hi. A, HIEZ VIR Y Be F121Pb By HL G
Ba/kg; p A AR T 5, keg/m®; R WU
MR, m/d; S N AFSE X AL, m?,

[l FEHE, D)L Kriging 25 B4R E LT 8 77 6L
JRJZ VIR h7Be F12'°Pb 1Y F-341H, B AP=2.1 Bg/kg
FIAP*=57.7 Bq/kg. B AEFIVE S SEPY 4 T Rl
DU T EE A, B p=2.69%10°(1-0.726 3-
e ?/1004) kg/m?; 24 z=0 i}, XIZVIRY T & p=
736 kg/m3, X TR BOR Y A, H T JCAH
KMPFRAE o B T IV ) 300 1 S0 o 2R %) bF
FEEB R 1) TS AN T B B TR R A

0.78 cm/al®; 2) "V 5 7R A0 2 25 Vi 1A a9 PR i e
k1.8 em/al?l; 3) BRI 1 K H AR S g 3 T B R
AL N 0.27~3.0 cm/a?™321, 25 JE R iV i
Aty A, TR RN R T A I 5, SR
LU VD i BE R TRAS JE DAL T BRIV 1 N A TR
TR, A SCIN Ry i S I AR R R [V 0,78~
3.0cm/a. Hi U, PAS(3) 3158 1 Be FI121PD 1)
DURLHE R &, 45k 1.3~5.1 MBq/d fil 37~
140 MBg/d.,

ERGRASHR T, #7155 7Be F12'°Pb 11y
GIEN RN NY S ST N NN RS TN A 2
F B Gl TR R A1 0SS e Y R
I BT T T Be 121 OPD X AN 1) A8 i
Fop, X (4) 75

Fop=F,+F,—Fy—F, (4)

Horh, F, 1 E, 43 510 7Be F121Pb (1) KSR I 5T
Wiks Fy 1 Fy 53 5 7Be FI2°Pb 4 [ B 5805 AT
FRHLGE R . R R] DL, IS T Be FI21OPD 1SN
3 Fo, 3 Bk 66~70 MBq/d Fl— (6.1~
110) MBq/d, Ut B 16 V5 77 76 ) V85 A1 16 385 11
"Be &l B, 5 ZAHI, V8 AN AR A ) )TV A
210Pbﬁ$§%o

PR 2845 TR UR 5 U5 75 1 3 2R X L85 2R 3R
B, KATCRE ) 1315 7Be FI12'OPb Ay T Bk, H:
B SR Y T IR A LA LR PIEE A
B D 1) BV AR, R )R 0P, s el T
2 AT X FTBe, |V 8] S kS TS
"Be Mt KT 15 . X} F210Pb, M) VL LR R
PEVE AN TN (0.78 cm/a), DAL L AR 2 )
VL 21OPh 1 d K IE A, V5 M A STk AN B
MUTFE R AL AT BRI O A (3.0 em/a) , 75 M A B
SRS 21OPY i T LAY TR TR
25 ERETEMNREEREX

XTI 33 Ry, BRI H B AR A K e i i
AU 2 DU K &y b BT 6 1 F1 G+ Bt
L [ 0 W TR R ¥ i DO A NN B UN =85 7/ 8
B, J5 A B AT T K A TR K K SR )
NG, VEAR GRS B — R AT S LR Y
WFEIRFE L T 1 R B 30 v Sl B0k ) 3 22 JR A
PRAL, W /038 43 ok B U R b /)N YT 3 4= kAR
FH o 25 b, AT RIS T ER VT 45 45 T v il L 7 U i 3
DAk 3 W 2 A IRV R ) T VS SUORL AR 21 OPb 1Y
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TRAEH BRI . X IS TR E R AU 73 B
WY, 2 ) i DA R AR T 0.65 cm/a, T2 M
T3 0T 21OPD FY) TR AT L S B 2 R T AR A
FE, 7 TUBR G R 5 T AL, D0 DR ORI I B9 i kA
B LA SCHRFZ TR S0 i, BR VIR Vs i ) i
VA UKL 4 By FLAE A2 OPb A F BEHEN o Y T 7Be B
TR, BRUIR VD #5741 1" Be TEIE # iz id #2 v
FAAE A B 2 RTR A 30 BERLN, 3X — i R A 24
B Be 19 BN .

Ry b — AP R TV URL ) i Az B4 B ) R
JE, AR SCN TGS TBe , 219Pb FITh UKL Wi £ B
[ BEATAG . Feng 450 S i} 1 HLRLHEIE Be , *'°Pb
FI234Th 5 B I () 62 280, 2% 810 )™ 9 125 ) B o
P, FEAA TR -, A SCout 1 WOk 4y i B i
6] py 35807, n=Xi(5) ~ (7)) Fizs .

Is.

Tope = (5)
po (Fa,Be + Fr,Be) - /lBeIBe
Typy = e (6)
Pb =
’ (FaA,Pb +Fipp + Fop,Pb) — Agelpy
I
TpTh = h ( 7 )

/lTh(IU_ITh)
Forb, Iy A Iy, 53 30 R ) UV K A TR BRSO R
fA&2Th f4t, Bq.

—MAE LT, WK 28U I B R S KR AR
JER B X R, W R8N 4,=0.9835+4.3 Bg/
U0 ) Gl B )RR TS 0 4% A6 R B O, DL Rk
KA A AL80 16 BEVRBE . I VS A T Ok
Y)P4Th TG BE K- A 0.8~ 17.8 Bq/kg, 45 & A3l
1 7K TR R Ak VR ORE ) VR B B HiE L DA Kriging 4%
AR EL R T R K AR28U , 24Th S, 433128 1,=5.30%
10° Bq il I;,=3.04x108 Bq.

456 2.4 Be F AL S SHUE, PLA(5)
TR TBe i B ], B 7, 5=2.3 d; FEBLAY,
LA (6) T A921°Pb i B I 18] 7, p=12~45 d, HIT
PR A, 21°Pb Wi B4 e IE) ks DASK(7) 315
24Th W5 B2 NI 7,0, =2.1 do b DA [ 287 B
TV K A BRI E] 7, AT ATDY RN RN
T<T, 0 Ty pe<Tpppo LIV A ] 9 49 3R S fif
BEh: 1) TRV K A B B ) « S AR I LK IR
KA S Y B n g 37 48 . DIC, DOC., # i
595 YL ) S AT A B B ) RUBE, 32 9 ol L T3
TEA L HLT 7K B N 25 1 K HE S A R AL ] 5

i 2) "Be J@ ki &8 %, kIR T RAVLFEW
"Be W [ ) L R BURLY), K AR IR G 2
A Y[R B, TRAEAE 55 07 TURE DL 2 DOKAR i R
FERS RV L R, BT 7,5 3W& S T 13 3) P4Th
57Be W4, BN B RN ], (B354
2 0 ¥ B8 B R LT — 30 4) 21OPb IR 8 RS
R, E—HHELI T Be W17 R, 55— 7 1H 2K
TLRVDHE ] W 7S N UUR, WA ) V5 210Pb 81 2K
U5 IWNYELEE S E 4T, 25 IS BN BRVIR VD X)) 1
VA URL ) 1 BT RR, A SCIA Ry LSRR R R R B )
Vi VA5 K AR B BT () ¢ 4 7R )R VS AR AR B L A i
fift 25 W) O A A 1 ] RUBE, T A2 1OPb s 5 14 50
WYy B8 B[] 7,y RS TE A L FE R )V T B PR O,
Wy K L A ORI 1 15 Y iR AL B e R RO

Zi b, RS AL R (U17Be. 21°Pb J¢2%Th 46) &
BEUE S R 5% ) U S R ) i 1o R ) R A B
W R, H TR T ik — 25 o B 0K IS M TS e (i
PAHs. PCBs FIH 4 J& 55 ) iE B8 1 BB, i85 5 &
SR A5 A% R 5 ORI 1 15 Y ARV v P Y A AT
J B —E 2 5, Zhang 2504 K I IR T
# )21 /K PAHs. A-PAHs, N-PAHs A /3 it £ %
(Kg, BUSURL S 50 A & i e i) 43 1) 102755,
102~5.5\ 103-5~6.5 L/kgo Chen %[35] ﬁﬂ:%lﬁ’ﬂ(ﬁ!
PAHs i K, fE7E-£ . /T F3{E 5308 1012 Lkg
1 10%7 Likge X Tk 85 4% %, Huang %501 76X}
K AT 10 K 4B 3T g 388 "Be A121OPb WF 5T & PR &
Ky H7F 10° L/kg Z2 47 . Huang 5230 & 301 9 SCHL/
SCEH TR O 7Be M21OPh B Ky {5 4> N
10373 L/kg f1 10376 L/kg, 1M 4 )&% Cu. Zn, Cd 7
T B SC/SC BT K {6 43 50 2R 10274, 10273,
10374 L/kg, 767 W 8 K {55351 8 10273,
10273, 10°7* L/kg, AW XTI, MRS RS
ORI M V5 Y ) A T VE T TP ) 43 TC R BORT g
L, AT RE R 2y 1~2 D EGE 2, X 0] RE 2 KR ER
| BIRURI R | o A 2 R R

TRV UK 25 A% 2 RN UK 6 1 15 Y ) A T R AR
Bi b Al BEAEAE AN RE BE AT R 25 5, (HOR B i
FHT 7R B RORE TG VTS G i R A7y o I R
AR B R R B T UKL ) s e R, 1T AR
it JIURE ) v A2 25 (NSO 4y 88 B ) L S0k ) T
] H 3 5, 45 A URLIG MR TS e A B TR
) A3 BL AR, 5 26 P AR UKL T 1 V5 Y W 76 1V
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PRt . A0 Huang 2523 AR 4 Gl PR 4% &
THE i R SO SC BT L T SR I R SORL ) s B
fflEl, 254 E 48 Cu, Zn Al Cd 43 BC L, PFAG B4
J& Cu. Zn F1 Cd iF th ZJRZ VIR Y N H 40 1.
Liu 5B AR I A6 vk K A UL 2521 Po 38 21K
A 3 [7) 18 B ALUPIRLZS PAHs 52'°Po HOfH, 115 H
PAHs Y T [ if 3 & . Gustafsson 55657 AR 4f 74
A6 R PG4T AHXS BEARZSU By B 1, TH 580k
Yy ) K B R AL, 456 ORI PCBs MR EE, i 5
PCBs f 3 [a] i i 4

3 Hig

1) 2019 4 10 J J[E], I 7K {&2*Ra. **Ra,
225Ra {if FEVER BE O 4 5 13.1~23.7, 0.7~ 1.1,
13.9~23.8 mBq/L, “F¥{E 551 K (18.1£3.9) |
(1.0£0.2), (17.843.9) mBq/L. ¥ Ji***Ra/***Ra &
RYTHSE K VR T B IFIR], 7 9 T K R B L3y 13
BYFERY B E R E N 1d E4 .

2) [RIJR], 7 R MUY T Be . 234 Th,
210Pb L1 BE S R 430 R A A 1 ~6.39, 0.8~17.8,
21.6~63.5 Bq/kg, F¥{H 5510 (3.22+2.31) |
(7.845.5) . (34.7+15.5) Bq/kg; #JZ VLY Be.
234Th, 2'°Pb [L TG B 43 90 o R A i~ 9.88
0~90.4, 5.80~ 113 Bq/kg, FIH{E 55~ (2.95+
3.15). (23.4+28.7) . (57.3+28.8) Bg/kg-

3) 752 &4 HrBe F121OPb 45300 f J5 A1 U i il
SR N T A R A U SRR K
UK T 175 " Be AI21OPb i & Bk IR, H
VR R 2 T I ) LA EE T UAS s T ) Ak
VAR 2 )V TBe MR K IE A o TOBH SR ARk
PEST AT R, DUB R 38 5, BRVLR VDX g 75 it
By K HAE A 210Pb 1Y DT BRSO 2T T AR R
BRI AN 05T N E (BP 0.78 cm/a) B, BR VL
RV TTER AN B S 2 TR AR 2R VL (R
3.0 com/a) i, BRVLOR VK 8k ) 1 1521 OPb fie B2
14 5T Wk ke T

4) DIMANEEVEBe ., 21°Pb HI234Th KLYy i B2
I T A5 28 3 30 PF-Aik ) T Y JORL 0y s B I [R], 5 %6F
e =R BT E SR, 8575 1 L2 OPh R ER Y T
TS UKL T BR B8] (o py=12~~45 d) X )"V V5 JB0RE
Wy K LA A ORI PR V5 e W A i Az 1 B ) RS
BA ARy~

Ao B4 Jr RERS AR DU i 255 e ) B ORI Ak
19 G e AT 5 DX 3 P9 1) 3 £ 0, DL 4 )
VR B R BREOR, s B PPN 15 Qe WA ) IS
(ks ok B, R G S PP IV Y S N i
AE 1R BEHLE AR .
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