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Abstract: Natural radionuclides (T'U, K Ra, ""Ra, Be,

understanding the sources and transport process of particulate matters. However, studies about the nuclides on

228 7 210

Pb,,, etc.) are important tracers for

suspended particulate matters (SPM) in rivers are still rare thus far. In this study, we analyzed the activity levels

and spatial-temporal distribution characteristics of multiple natural radionuclides on SPM in the middle and
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lower reaches of the Yellow River. It was found that the activity ranges of mU, 40K, 226Ra, 228Ra, "Be and 21()Pbxs on
SPM in spring were 26.86 ~ 119.57 Bq/kg, 619.50 ~ 835.62 Bq/kg, 12.88 ~ 55.51 Bq/kg, 24.55 ~ 82.61 Bg/kg,
0.24 ~ 39.47 Bq/kg, and 0.92 ~ 18.78 Bqg/kg; and were 40.54 ~ 73.96 Bg/kg, 804.95 ~ 1023.12 Bq/kg, 31.24 ~
47.68 Bq/kg, 57.92 ~ 77.95 Bq/kg, 0.98 ~ 30.50 Bg/kg, and 12.60 ~ 31.33 Bg/kg in autumn, respectively. Both

the ranges and trends of "Be were similar in the two surveys. The specific activities of all other nuclides in

spring were higher than which in autumn. In terms of the spatial distribution of various nuclides contents and

ratios, there were significant anomalies in the three regions of Xiaolangdi, Kaifeng and Jiangjundu. It was

speculated that this may be due to the changes of material source, particle size and compositions.

Key words: middle and lower reaches of the Yellow River; suspended particulate matter; radionuclide; spatial-

temporal distribution
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of the Yellow River in 2018
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Spring and Autumn, 2018



218 P SE 2

* ¥ A F

% 40 &

Fk 2R KU BN b BB T A, T Y
RO S N B — S, I A Rk 2 R
AR s R R —

2.2 # R i RE OB b Ra F17Ra 1Y
TS 43 A FRAE B HAR /R 3 X

P& 2¢ FE 2d Bt i, #2962 18], 2°Ra
F* Ra LI A8 4k (9 915 B4 510 8 12.88 ~ 55.51
Bq/kg Fl 24.55 ~ 82.61 Bq/kg, - 34 18 43 %Il K
(27.60+£11.68) Bg/kg F1 (43.33+16.60) Bq/kg. Fk
5 2 1], °Ra F1I7*Ra [0 I B2 A48 Ak Y 18 16 43
WA 31.24 ~ 47.68 Bg/kg il 57.92 ~ 77.95 Bg/kg,
SESAE 4391 K (35.77+5.13) Bg/kg F1(66.78+8.10)
Bg/kg.

X TR F7 Ra 1 55, bR T /MR K, 3
flb 3 437 £49°*°Ra FI**Ra (35 BERK 44 8 TR %,
AP Ra B3 B3 T Ra B3 E, X AT
A5 HL I A AR A 2 (U RPPTH) 19 L AT
PR Gy M E 83 TP A S v S G

EETEIR G i A8 2R, 32 AR AE IS 1 /)N,
(FL 78 AP IR v s A B8 8, 1T LKA i A
PEAGKIR, IAh, *Ra f 70U 28 3 K o FEASF
PR B 7% 5 7 A Y, T 7°Ra U2 2872 Th i —
W o FEAEFNK B =I5, T o )R
X B0 A 4 B A B R, A R [ Ra
AT T AE M E R R U, T RUER B 2 Ra Y
TR RE S Ra A

T 2 SPM I (197 Ra/ " Ra 25 1k 3 Ky
1.36 ~ 2.11, B Z"*Ra/*Ra (251075 [ K 1.54 ~
2.16, 33 5 TH SR H A i X f — U 3 45 SR AL T[]
— K. Bl Peterson 25 23 T 35 [ A 3 5%
p RGN % SR TN TN V72 S AT NI ST
Hh L T 0RE ) B9 Ra/*"Ra 43 31 7 (2.0420.57)
(0.76+£0.50) F1(1.03+0.55) . & 30] UL, % . #k
19 25 F) T ol [ 437 28 7°Ra #0172 RafE ] — £k 1 56
R4 b, HAA BFRANE LR (R=0.773), £H
A . Bk Z= B0 SPM Y J R o R T fE R — 3K
o FZEWH 1 & R 8, NRK RIS &
S Sl HBE R B v R (R X, 3T BE
UNGERIN- s 0P=32 bR/ L0F S/ b AL &40 D)
A Ko BT TR (1R AR 4 Ak T 3
TR K Y SRR IS, 7E A Z R AR O

(), BT/ INTR P 7K PR P 7K AR ) 1 R ) 5
T TR, PRI 0 R K e R R R
Wy R T s T I R DA A
PR G & e ==y T NP = S TR v // RSB e e g S
PRa F17Ra I B & B (18] 4), B VF PR Y b
2°Ra F1™"Ra i B ¥ TR0 4.l oo,
T B E NI IR YRR EE 2 2 XK
e CAEXEUSEIE v o ok e TR A g i
VS S B, RKIEYD R, SR ALK B e
r 2 A T AT D7 N SRV X 0 e W B A
N, WO K YD 22 J5 B ) Ui SR 4 1) Sk 5 AH
XA B — . 2018 ARk Z R AR A 3 T
W =T g b b X A0 v TR,
(0 ~ 2 um) 25 20 R o 25 5 Wi izt . A
WEZAE 2018 45 5 H J 9 H T W A Ee sk
X 7K AR B TR R ) [R) 25 SR AT /K YR 3 7 5
SRR T X — WA MR R, 5 A i
T] 11 Ak 7 UKL 4 e B 1K (0.8 /L), IF LUK AR
16 ~ 32 um AYHRR PRI 3, 2R 80%.
TE 9 7 B ] 2 1 UKL 4 e BE A v (2.3 g/L),
H A Uk 4 (8 ~ 16 pm) . B 4% 400k b i
K4 (<8 wm) 25 400 A28 1) KL 4 14 o L I f A
i, 43 5 A B 3% 4% F+E 38% il 10%.
AR /ISR U 4 BA 5 K L 3 T RRURTG Y e
DA I i o Rk 2 8 Tl B VR ORI ) R A [ A7
FIIE BEKF B g, HYa B

100 S
OFfkZE

=3
(=}
T

=)
=4

W o0773

40 y=1.59405x+4.55048

2%Ra i /Bq-kg!

20

0 1.0 2.0 3.0 4.0 5.0 6.0
2Ra LI /Bq kg
3 FEIZEHEFH T SPM H7°Ra #17°°Ra B F&
Fig. 3 The relationship of 228Ra, *Ra in SPM of the
middle and lower reaches of the Yellow River in

different seasons



%24 s E, %

FAF THEFHAEN SREREL AR LT EL 219

40

26Ra [ BE/Bq-kg™!
I3 (%)
(=} (=}

—_
(=]
T

0
aEH fERED R

a

AR A

2%Ra HIE B /Bq kg™
w B
(=) [=)

[ ]
(=}
T

—_
(=]
T

0
oy M2 I S 1 S N 7|
b

El4 ZFETPTH SPM 5 LE A Rala) 717" Ra(b) SEHILLE

Fig. 4 The concentrations of *Ra (a) and *Ra (b) in SPM and soil of the middle and lower reaches of the Yellow River

2.3 EIP R RO EBe AP Pby BT
JEK . A3 A RRAE B HAR R B X

&l 2e FE 2F R, 244 0916, "Be A
2Pby, HLIH R ALATTE RIS 4 0.24 ~ 39.47 Bg/kg
M1 0.92 ~ 18.78 Ba/kg, “F #{H 4 5l 4 (13.08+
12.58) Bg/kg 1 (10.90+5.24) Bq/kg; Bk 2= i 2 1]
[6], "Be F1*'"Pby LLi BEAS (L3 L3514 0.98 ~
30.50 Bg/kg il 12.60 ~ 31.33 Bq/kg, V- Y18 43 5
}(10.65+9.66) Bg/kg F1(21.30+2.58) Bg/kg.

"Be [ L2 T WEHIE AR TE R T AL S
1428 Ak R SRR B [, B /INTR R 7K 28 22 00 v
{8, b Je s T 7RI bl i B ok L
PR A E) Be, S AL ORI, 25
TE R W LA UL, "Be Fyvie B 52 891 R U T 1
P, JHG rb 7 2 3 ) L 0T 0K T Be
T B I B v 0 A, % BRI B Ak T BB A T
BTN . % TPy, KR4 T5 B 8k 25 T
BERIGE . BT REEREEE AT, # LA
R 2R 7K 22 T T B a7, Bk fili kP, U
R 1) - e T, Y0V A R S Tl K e e 3 R S
P13, KR A P, 1Y HEE A K, B
TR HURLY)  Pby B, P MR IRk 2 B
VR IURLY) Py I RIS T %, Be LB
FRAVUFEE R, (HAR BB, X ] g5 3)
TS B IR IR A % . N7 Be 1Y
ORISR IR A TR 2, 3T B Be HAT TRIBUR IS M, 41
[L*'Pby BB RE 15, 76 HUTRE 3 L R T
USSR AE R R (292 em) IR T, BT L% )2
UK LA B B2 B 42 ik B 5 7 £E 7% Be UKL

R L ot 3P QU T = S
7% Be WURLA) LR, —EFREE LT IR R
YLK INE Be, T Pby, H'Be 92k 5 i B
KA T3 9 B, e R 2 i
WA A B AT Py o PRI RN 3k K b
FITR 2 398 2 1 PR I, A S 3k i TR
VB U OB h 7 Pby B L R Be A7 Pby,
Z 4, P80, K. PRa R Ra 545 Rl Z 75/
TG . R KR A20E 3 ANl 07 ety i B (e
G (18] 2), Bk — 25 F WK 3 45l 0L 78 IX 48 11
W5 SR 5L SR R L A 5 2 R S A T
B RE T M.

"Be /" "Pby, AT HE W UL 49 kL 42 45 B 2 1 T
T, T g YRS M A S KT e ORL A 1 VR
T YU R A5 435 SR R B, T RIS 2 B AR AE S
(1 5) . Be /Py IR EZ R T “&” W

307
—h— 5%
—o— k&

251

201

25Bb/21Ph,,
&

=3
T

o
wn

Y e S St o
&S

E5 FRZEVHEMS T SPM §1'Be /*Pby,
210.

"Be / Pb,, in SPM of the middle and lower reaches

of the Yellow River in different seasons

Fig. 5



220 PSR S S

SR

% 40 &

B A G35, (0 G T AR AR A i
PRI 1] R T 38 S LR 3 R 24T Be “AR YR
&7 TR AR, 7R T ORI T Be 14
Srht. AIFEZEH Y, Be /Pby U T,
AN W DX BE A AR 24 A F 1 — AN 85 K F
T, 2 U 2 9T R e R R A
WM AERFRE iR IR TR

34 if

FIIH HPGe-y 15500 % T Hi0] v i I
ALY E 0 6 B 32 0 R SR IR A% 2R B B 25 4y
A FEAE, 8 A3 ) H 2018 4F 75 2 F1RK 22 P Y ]
TR A, A B o R R RO
E/‘JBSU\ 4OK\ 226. 228 Ra ;F_D210Pbxs {%E%%%:‘F‘
FkZ=, T 'Be i B 15 4 25 IR 25725 fb i 4 I 35
IKTARAL o 502 Fh A% 3R % S LU AR A 25 ) 43
Z‘ﬁfl’ﬁ%, BR/NRIE  TFEF R ZE 0 5 X 417

HAHING, D Py AR 5 5l UL ) ki A
&éﬁﬁkﬁé/}ﬂhﬂ@%ﬁ&o

SE Mk

(1] MILLIMAN J D, MEADE R H. World-wide delivery of river
sediment to the oceans[J]. The Journal of Geology, 1983,

91(1): 1-21.
[2] EVRARD O, LACEBY J P, HUON S, et al. Combining
multiple fallout radionuclides (mCs, "Be, 21UPbe) to

investigate temporal sediment source dynamics in tropical,
ephemeral riverine systems[J]. Journal of Soils and Sediments,
2016, 16(3): 1130-1144.

[3] REYSSJL, MANGERET A, COURBET C, et al. Estimation
of sedimentation rates based on the excess of radium 228 in
granitic reservoir sediments[J]. Journal of Environmental
Radioactivity, 2016, 162/163: 8-13.

[4] FENG H, COCHRAN J K, HIRSCHBERG D J.

234,

Th and ‘Be
as tracers for the transport and dynamics of suspended
particles in a partially mixed estuary[J]. Geochimica et
Cosmochimica Acta, 1999, 63(17): 2487-2505.

[5] WANGJL,DU]J Z, BI Q Q. Natural radioactivity assessment
of surface sediments in the Yangtze Estuary[J]. Marine
Pollution Bulletin, 2017, 114(1): 602-608.

[6] MATISOFF G, WILSON C G, WHITING P J. The 'Be/'*Pb,,
ratio as an indicator of suspended sediment age or fraction new
sediment in suspension[J]. Earth Surface Processes and
Landforms, 2005, 30(9): 1191-1201.

[7] ZEBRACKI M, EYROLLE-BOYER F, EVRARD O, et al.

Tracing the origin of suspended sediment in a large
Mediterranean river by combining continuous river monitoring
and measurement of artificial and natural radionuclides[J].
Science of the Total Environment, 2015, 502: 122-132.

[8] PETERSON R N, BURNETT W C, OPSAHL S P, et al.
Tracking suspended particle transport via radium isotopes
(ZZGRa and
Flint River system[J]. Journal of Environmental Radioactivity,
2013, 116: 65-75.

[9] BI N S, WANG H J, YANG Z S. Recent changes in the

Ra) through the Apalachicola-Chattahoochee-

erosion —accretion patterns of the active Huanghe (Yellow
River) delta lobe caused by human activities[J]. Continental
Shelf Research, 2014, 90: 70-78.

[10] XU 1L, #2836, PUR ™ U ORM U A% 2yt v (el iof
MSE[T). 5 IS, 1998, 17(4): 359-363.

[11] XU B C, BIANCHI T S, ALLISON M A, et al. Using multi-
radiotracer techniques to better understand sedimentary
dynamics of reworked muds in the Changjiang River estuary
and inner shelf of East China Sea[J]. Marine Geology, 2015,
370: 76-86.

[12] MUDAHAR G S, MODI S, SINGH M. Total and partial mass
attenuation coefficients of soil as a function of chemical
composition[J].  International  Journal of  Radiation
Applications and Instrumentation. Part A. Applied Radiation
and Isotopes, 1991, 42(1): 13-18.

[13] APPOLONI C R, RIOS E A. Mass attenuation coefficients of
Brazilian soils in the range 10-1450 keV[J]. Applied Radiation
and Isotopes, 1994, 45(3): 287-291.

[14] RIBEIRO F C A, SILVA J I R, LIMA E S A, et al. Natural
radioactivity in soils of the state of Rio de Janeiro (Brazil):
radiological characterization and relationships to geological
formation, soil types and soil properties[J]. Journal of
Environmental Radioactivity, 2018, 182: 34-43.

[15] IVANOVICH M, HARMON R S. Uranium-series

disequilibrium:  applications to earth, marine and
environmental sciences[M]. 2nd ed. Oxford: Clarendon Press,
1992: 332-335.

[16] YANG D S, XU B C, BURNETT W, et al. Radium isotopes-
suspended sediment relationships in a muddy river[J].
Chemosphere, 2019, 214: 250-258.

[17] K R 1E Bt 20188 7 /K % 42 4R [EB/OL]. (2019-
12-16). http://www.hydroinfo.gov.cn.

(18] F3cth. B 4w J5 /MR e U Sk U5 5 R A AR AL 5 [D]. Ja
FH: PHABARAMAIER A, 2019.

[19] MATISOFF G, BONNIWELL E C, WHITING P J. Soil
erosion and sediment sources in an Ohio watershed using
beryllium-7, lead-210[J].
Environmental Quality, 2002, 31(1): 54-61.

(565 227 1)

cesium-137, and Journal of


https://doi.org/10.1086/628741
https://doi.org/10.1007/s11368-015-1316-y
https://doi.org/10.1016/j.jenvrad.2016.04.032
https://doi.org/10.1016/j.jenvrad.2016.04.032
https://doi.org/10.1016/S0016-7037(99)00060-5
https://doi.org/10.1016/S0016-7037(99)00060-5
https://doi.org/10.1016/j.marpolbul.2016.09.040
https://doi.org/10.1016/j.marpolbul.2016.09.040
https://doi.org/10.1002/esp.1270
https://doi.org/10.1002/esp.1270
https://doi.org/10.1016/j.scitotenv.2014.08.082
https://doi.org/10.1016/j.jenvrad.2012.09.001
https://doi.org/10.1016/j.csr.2014.02.014
https://doi.org/10.1016/j.csr.2014.02.014
https://doi.org/10.1016/j.margeo.2015.10.006
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0969-8043(94)90041-8
https://doi.org/10.1016/0969-8043(94)90041-8
https://doi.org/10.1016/j.jenvrad.2017.11.017
https://doi.org/10.1016/j.jenvrad.2017.11.017
https://doi.org/10.1016/j.chemosphere.2018.09.058
http://www.hydroinfo.gov.cn
https://doi.org/10.2134/jeq2002.5400
https://doi.org/10.2134/jeq2002.5400
https://doi.org/10.1086/628741
https://doi.org/10.1007/s11368-015-1316-y
https://doi.org/10.1016/j.jenvrad.2016.04.032
https://doi.org/10.1016/j.jenvrad.2016.04.032
https://doi.org/10.1016/S0016-7037(99)00060-5
https://doi.org/10.1016/S0016-7037(99)00060-5
https://doi.org/10.1016/j.marpolbul.2016.09.040
https://doi.org/10.1016/j.marpolbul.2016.09.040
https://doi.org/10.1002/esp.1270
https://doi.org/10.1002/esp.1270
https://doi.org/10.1016/j.scitotenv.2014.08.082
https://doi.org/10.1016/j.jenvrad.2012.09.001
https://doi.org/10.1016/j.csr.2014.02.014
https://doi.org/10.1016/j.csr.2014.02.014
https://doi.org/10.1016/j.margeo.2015.10.006
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0969-8043(94)90041-8
https://doi.org/10.1016/0969-8043(94)90041-8
https://doi.org/10.1016/j.jenvrad.2017.11.017
https://doi.org/10.1016/j.jenvrad.2017.11.017
https://doi.org/10.1016/j.chemosphere.2018.09.058
http://www.hydroinfo.gov.cn
https://doi.org/10.2134/jeq2002.5400
https://doi.org/10.2134/jeq2002.5400
https://doi.org/10.1086/628741
https://doi.org/10.1007/s11368-015-1316-y
https://doi.org/10.1016/j.jenvrad.2016.04.032
https://doi.org/10.1016/j.jenvrad.2016.04.032
https://doi.org/10.1016/S0016-7037(99)00060-5
https://doi.org/10.1016/S0016-7037(99)00060-5
https://doi.org/10.1016/j.marpolbul.2016.09.040
https://doi.org/10.1016/j.marpolbul.2016.09.040
https://doi.org/10.1002/esp.1270
https://doi.org/10.1002/esp.1270
https://doi.org/10.1016/j.scitotenv.2014.08.082
https://doi.org/10.1016/j.jenvrad.2012.09.001
https://doi.org/10.1016/j.csr.2014.02.014
https://doi.org/10.1016/j.csr.2014.02.014
https://doi.org/10.1016/j.margeo.2015.10.006
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0969-8043(94)90041-8
https://doi.org/10.1016/0969-8043(94)90041-8
https://doi.org/10.1016/j.jenvrad.2017.11.017
https://doi.org/10.1016/j.jenvrad.2017.11.017
https://doi.org/10.1016/j.chemosphere.2018.09.058
http://www.hydroinfo.gov.cn
https://doi.org/10.2134/jeq2002.5400
https://doi.org/10.2134/jeq2002.5400
https://doi.org/10.1086/628741
https://doi.org/10.1007/s11368-015-1316-y
https://doi.org/10.1016/j.jenvrad.2016.04.032
https://doi.org/10.1016/j.jenvrad.2016.04.032
https://doi.org/10.1016/S0016-7037(99)00060-5
https://doi.org/10.1016/S0016-7037(99)00060-5
https://doi.org/10.1016/j.marpolbul.2016.09.040
https://doi.org/10.1016/j.marpolbul.2016.09.040
https://doi.org/10.1002/esp.1270
https://doi.org/10.1002/esp.1270
https://doi.org/10.1086/628741
https://doi.org/10.1007/s11368-015-1316-y
https://doi.org/10.1016/j.jenvrad.2016.04.032
https://doi.org/10.1016/j.jenvrad.2016.04.032
https://doi.org/10.1016/S0016-7037(99)00060-5
https://doi.org/10.1016/S0016-7037(99)00060-5
https://doi.org/10.1016/j.marpolbul.2016.09.040
https://doi.org/10.1016/j.marpolbul.2016.09.040
https://doi.org/10.1002/esp.1270
https://doi.org/10.1002/esp.1270
https://doi.org/10.1016/j.scitotenv.2014.08.082
https://doi.org/10.1016/j.jenvrad.2012.09.001
https://doi.org/10.1016/j.csr.2014.02.014
https://doi.org/10.1016/j.csr.2014.02.014
https://doi.org/10.1016/j.margeo.2015.10.006
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0969-8043(94)90041-8
https://doi.org/10.1016/0969-8043(94)90041-8
https://doi.org/10.1016/j.jenvrad.2017.11.017
https://doi.org/10.1016/j.jenvrad.2017.11.017
https://doi.org/10.1016/j.chemosphere.2018.09.058
http://www.hydroinfo.gov.cn
https://doi.org/10.2134/jeq2002.5400
https://doi.org/10.2134/jeq2002.5400
https://doi.org/10.1016/j.scitotenv.2014.08.082
https://doi.org/10.1016/j.jenvrad.2012.09.001
https://doi.org/10.1016/j.csr.2014.02.014
https://doi.org/10.1016/j.csr.2014.02.014
https://doi.org/10.1016/j.margeo.2015.10.006
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0883-2889(91)90118-K
https://doi.org/10.1016/0969-8043(94)90041-8
https://doi.org/10.1016/0969-8043(94)90041-8
https://doi.org/10.1016/j.jenvrad.2017.11.017
https://doi.org/10.1016/j.jenvrad.2017.11.017
https://doi.org/10.1016/j.chemosphere.2018.09.058
http://www.hydroinfo.gov.cn
https://doi.org/10.2134/jeq2002.5400
https://doi.org/10.2134/jeq2002.5400

	1 材料与方法
	1.1 样品采集
	1.2 样品分析

	2 结果与讨论
	2.1 黄河中下游悬浮颗粒物上238U和40K的活度水平、分布特征及其指示意义
	2.2 黄河中下游悬浮颗粒物上226Ra和228Ra的活度水平、分布特征及其指示意义
	2.3 黄河中下游悬浮颗粒物上7Be和210Pbxs的活度水平、分布特征及其指示意义

	3 结　论

