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ébstract Surfaée water samples were Lollected from 20 sampling;sites in the main stream and its major tributaries of the Yangtze River
“from Apnl togMay 2017, The Loncentrdtlom of 'dissolved tra¢e” and major elements were analyzed to determine the spatial variation,

source/fidentification, and riverine fluxes using various muhlvarlate statistical techniques, including correlation analysis, principal
component analysis ( PCA), and cluster analysis ( CA) with the goal of determining the influence of natural factors and human
activ'nities, including the operation of the Three Gorges Dam on the distribution and loading of major and trace elements in the Yangtze
River water environment. Spatial distribution results showed that Cu, Zn, Pb, Cd, and As were the major elements affected by human
activities in the Yangtze River, and their concentrations downstream were significantly higher than those in the middle and upper
reaches (P <0.05). All elements had fairly high concentration values in both channels of the Yangtze River mainstream in Chongging
city and Hanjiang River in Wuhan city, which were mainly related to the enhanced human activities. However, the low concentrations
of multi-elements in the reach of the Yangtze River in Yichang were largely caused by the retention effect of Three Gorges Project on
element transport, which decreased the riverine loadings of multi-elements. Principal component analysis (PCA) indicated that Na,
Mg, K, Ca, Fe, Mn, Co, Ni, Mo, Cr, and V were mainly associated with the weathering and erosion of various rocks and minerals in
the river basin. And Cu, Zn, and Pb were mainly affected by enhanced human activities, such as industrial wastewater, metal
smelting, and mineral mining, whereas Cd and As were mainly related to agricultural activities. The spatial distribution of trace and
major elements showed that concentrations of some elements in the Yangtze River channels were enhanced by human activities.
Generally, the heavy metal pollution in the Yangtze River Basin was lower than that in other rivers of the world. However, the annual
fluxes of Cu, Zn, Pb, Cd, and As could have far-reaching ecological effects on the Yangtze River estuary and offshore ecological
environment.

Key words: major elements; trace elements; source identification; Yangize River; fluxes
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Fig. 2 Spatial distribution of dissolved Ca, Mg, K, and Na elements in the Yangtze River
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BRI 22 A, FEA T 0 U W T 2 AR 1) Y
JLER M.
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Table 1  Concentrations of multi-elements in the Yangtze River

YA Na/mg-L™' Mg/mg-L~' K/mg-L~'" Ca/mg-L™' Fe/mg-L~'" V/ug-L7! Cr/pg-L7! Mn/pg-L!

L AL 4.84~43.0 5.43~14.4 1.87~7.94 10.8~44.8 0.07~0.16 0.94~3.54 0.17~0.35 0.45~12.9

FHE 15.7+13.8 9.50£2.97 3.46+2.31 23.9x11.2 0.100.03 1.97+0.91 0.23x0.07 2.86+4.95

i AL 4.47~15.7 2.27~10.2 1.01~3.45 9.50~24.4 0.07~0.10 1.01~2.08 0.18~0.25 0.31~1.39

FHME 10.3£4.51 6.54£3.06 2.60+0.83 16.9£5.12 0.09=0.01 1.49x0.39 0.20£0.02 0.66 +0.38

T AL 5.84~8.44 2.72~5.45 1.79~3.76 9.34~20.8 0.07~0.10 0.92~1.79 0.16~0.23 0.71~2.57

FHE 7.36+1.28 3.98+1.23 2.540.85 15.3:4.69 0.08+0.01 1.16+0.42 0.21+0.03 1.410.82

ey M 5.84-8.44 2.72-4.51 1.79-3.76 9.33~15.6 0.07~0.09 0.92~0.99 0.16~0.23 0.71~1.36
R

FHME 7.01£1.32 3.49£0.92 2.62+1.02 13.43.55 0.08=0.01 0.95x0.04 0.20£0.04 1.03x0.33

jurrg  ZHER 1074157 7.04~10.2 2.46~3.20 16.9~24.4 0.08~0.10 1.52~1.85 0.19~0.25 031 ~0.85

FHME 13.0£2.49 8.28x1.67 2.90+0.39 20.03.95 0.09=0.01-1.65+0.18 0.21-+0:03_0.55+0.27

b Co/pg-L™" Ni/pg-L™'  Cwpg-L™' Zn/pg-L™" A&/pg-L™| Mo/pg-L™" Cd/pg-L5 /Ph/pg-L"

L AR 0.03~0.20 0.30~2.0L 0.50~1.58 0.36~1.11 0,73=4.12| 1.29~4.15 0.02~0.04 0.12~0.14

M 0.09£0.06 0.91+0.62%1.06+0.40 0.77£0.30 2.03+1.17| 2406 +1.09 0.026:0-:"005;.-"5.1§¢Q.01

I | i i

il EARTER 0.03~0.06 032 ~1.00 0.74~1.43 0.37~1.35 [0.90 ~2,714 1114%-2.08 0.02~0.04 0.44 £0.18

FAE  0.05£0.01) 0.61 £0,28% 1.04-+0.24 0.65 £0.39, 1.97;;?).68h 1.51£0.35 0.028 0005 [ 0,15 +0.01

T AEAEIE 0.03~0.06 0.38(~0.99 70,80 ~2.20 0.91 ~1.85 41,3042.18  0.9941.62 0.03~0.04 0/14~0.18

! S ATHE 0.0540.01) 0767 £0698,51,44 +0.65 1.4 £0.42 {.66£0.38 ¥1.34£0.31 0.032 0003017 20,01

- A I & __”.“ g j ' "“"’.

éﬁ%ﬂ&," LALLM 0.03~0.06 (3840082 0.89~2.20 0.91~1.70° 1580 ~1.74 _4.00~1.57 0.03~0:04_ 0.%4 50.17

; - VM 0.040.01 0.5620.23) 1:34£0.75 1.31+0.39 #:49+0.21 1,24£0.30 0.032 £0.004 “0. }6%0.01

{ PP nid: ARSI 0.04~0.06 0.43 ~0¢60 [0.86 ~1.19 0.37~1.35/1.87~2.71 1.46+1.82 0.02~0.04 0.14~0.16

o ¥ . B 0.05£0.01 0.73£0.54 2.31x0.42 1.61x0.19 0.029 +0.008 0.15 0.0l

" =

2.2 KITROKATC R W 125 T AR 1

U AR ROCR W R IR T H B SR
PR BE AL, 1T e ph DXl P 1) 1 B T 5 25 S I, Ak
KA TG s3>, 7R KA AE R G 5T R #8151
BRATBER T ARG SN, fEh PR DUL, &t Rl
47 2 B v R AL, DUV SR TG sl ik, i (L)
PRI RE S Z ARG, v IR S G 48 B 38 T B
WA B MR EER) Cu, Zn, Pb, As Fl Cd &, to AN
TR e T ANZEIE SR, A R A e R e
23 A S TR A —2 (F2 ~4).

HEZZ VTSR F R 3 2 0, Na #l Mg JLHR
WBE 0k 21,6 mg- L' A 11,7 mg-L™"  #0T i
WRERIPFY. Na, Mg, K fll Ca FH HIGK FEZ
Fa ) BRRALIER, A A = A SRR
A1 RS A R A VT T 2 A AUk iy 2 B e A
(Ca+Mg)/(Ca+Mg +Na+K)MERIE >0.5,%
B ik 4 o0 B2 A7 L KRR A A i KUk
SO Gy A, TR AR G TR A ) VA R e At 1 i
W F IR BRER KAkt 1% X I o
Pl WAL 3 — KA X Na Fil Mg e BE A9 T A

B ok, A,V H Cr 0¥ B 7R AE BV ARIS = T T
Wi, HETeE MR R KT W Tk .
VT ANAE VLA 2oL, Mg JCR MR i T 1
W 1 Cr, Mn, Co., Ni., Cu. Mo #1 Zn JCZ R
AR T T, JEIL Ca JCRIRIE N 19.9
mg L™ 20 T W E (10.8 mg-L™") MW
£, AT BESZ 3 458 58 (0 Tk 2 £h 2 XA 1 1) g >
AN BT Mn, Co F11 Zn JCER MM /3510 5. 56 .
0.08 F1 1.16 pg L' 2T WKER 8.2, 2.5 M
3.3 4%, ATREAZ B T BB AR K R T N 2SI Bl A
KEIFME . BT, % Mn, Cd F1 Pb JC & W B AT
HZEARN KRS, Na, Mg, K, Ca, V, Cr, Fe, Co, Ni,
Cu., Zn., As Fl Mo BY¥ B 44 & T 7 09 F 34k
JE AT e B2 X 8 SR i A\ R Bz . 5
by = LS RAN ] 7808 5 T R 1 4% T R B
TR WM. B, fE R4S F 80
w0 B 390 0 SR JEE 80 8 A A U R R K, 4 R
156.3 km®-a~" 1 277. 6 km*-a™", i H &0 32
HEH/NT 80 km® -a ™" RV B BH IS AN 2 5145 T E
B S AR (H A2 AR R RS I AT T TR



114 FSCHAF TR MH R TC R BRI 234 5 1) 15 4905

018 14
L ]
o6 b @ . 12 - (b)
- _ 10
04 f T
B ¥ o5l
= 012 b =
-] )
G
% % .
2010 F ¥——m0 e =
o— \/ 4t
@
008 T » o * \f ir * /
0.06 0 |. | I ..-I__o-_l_-.__.l—g_— I
35‘!0 3000 23(]0 7[]00 ISFJU I[H](} 5 ] 0 3500 3000 2500 2000 1500 1000 00 0
0.24 24
0.20 20 b °
5L -
] 0.16 L6
= g
> P |
£ 012 B 12
© #
0.08 “ 08 / %
@ * 3
e\l ¢
0.04 04 L o Y
1 1 1 '} 1 L 1 1 L 1 ' 1 L 1
3500 3000 2500 2000 1500 1000 500 0 3500 3000 2500 2000 1500 1000 500 0
036 45
© a0 b 1
030 35 |
v L
) _
&0 * ch.u 3.0 |-
o 024 =
L * = 46 L
£ %> ° .
& . /& = 20}
0.18 *
¢ S sk e—" ¢ o ¢ /3\./ *
ot * LR T ¢
0‘]2 L ' 1 1 L 1 s 1 L 1 1 L 1 1
3500 3000 2500 2000 1500 1000 500 0 3500 3000 2500 2000 1500 1000 500 0
4.0 ] 1 km
35 F (@ 2
30 b
2 25t .
2 @ @ Fifi
B o9 | & i
# ?
=
15t o . o 3\/3 /
10 f 0\,
05 L~

3500 3000 2500 2000 1500 1000 500 0
3] 1 B fkm
B3 KTiFIAARS Fe, Mn, Co, Ni, Cr, Mo #1 V TEMZ #47

Fig. 3 Spatial distribution of dissolved Fe, Mn, Co, Ni, Cr, Mo, and V elements in the Yangtze River
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Table 2 Fluxes of multi-elements in the Yangtze River and its tributaries/t-a !
& ene Nax10® Mgx10® Kx10° Cax10® Fex10® N Cr Mn
x10°/ma-t 2% X a ¢
e 56.6 1230 663 98 759 4.4 131 12.1 30.3
Wy 79.2 454 723 111 973 5.9 121 14.1 101
JeEB i TBIL 14.9 183 137 35 297 31.3 3.5 82.8 1.5
FBIL 62.3 516 387 102 836 .9 94.4 9.1 19.3
I 44.6 1080 620 162 1410 5.2 111 11.9 18.9
bR 2 N 258 3280 2390 473 3980 20 457 47 169
53T 45.2 642 419 122 789 3.9 89 8.3 15.4
T I 22 390 278 2190 1750 720 4650 23.3 407 49.7 78.8
] Uit N
5 BH A 156 766 312 411 1810 11.6 162 30. 1 428
RSyl 479 3 600 2480 1250 7 240 38.8 658 88.2 522
, (ESiihTy
- .
(oA € 10°/m? -a-! Co Ni Cu Zn As Mo Cd Pb
ML 56.6 2.1 18.3 25. 4 20 9. 4 69.9
Wy 79.2 3.2 38.3 40.2 52.4 102 88.2
B4 TBIT 14.9 1.3 9.8 13.2 17. 4 21.3 22.2
FeBE T 62.3 2.9 30.3 42.9 23.4 60. 5 0
U 44.6 3 32 50.9 22.4 189 106
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Fig. 5 Spatial distribution of multi-elements in the Dongting and Poyang Lakes
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Table 3  Inter-relationships of multi-elements

Na Mg K Ca A% Mn Fe Co
Na 1
Mg 0. 796 ** 1
K 0. 763 ** 0.414* 1
Ca 0.759 ** 0. 632 0. 786 ** 1
% 0. 890 ** 0. 861 ** 0. 594 ** 0. 684 ** 1
Mn 0. 607 ** 0. 246 0.719 ** 0. 602 ** 0. 545 * 1
Fe 0.773 ** 0. 601 ** 0. 809 ** 0. 988 ** 0. 698 ** 0. 693 ** 1
Co 0.717 * 0. 436 * 0. 871 ** 0. 804 ** 0. 652 ** 0. 859 ** 0.851 ** 1
Cr 0.752* 0. 485 ** 0. 788 ** 0. 783 ** 0. 631 ** 0. 682 ** 0.818** 0. 800 **
Ni 0. 604 ™ 0.254 0. 856 ** 0.702 " 0.481 ™ 0.730 " 0.753 " 0. 889 **
Cu 0.012 -0.365" 0. 461 * 0. 204 -0.085 0.291 0.234 0.313
Zn -0.113 ~0. 406 * 0. 181 0.132 -0.213 0.368 * 0. 206 0. 191
As 0. 636 ** 0.518 * 0. 693 ** 0. 766 ** 0.618 ** 0.315 0.717 **
Mo 0.872* 0. 629 ** 0.927 ** 0. 866 ** 0. 753 0. 706 ** 0. 883 **
Cd 0.214 -0. 109 0. 494 ** 0.422* 0. 024 0.335 0.441* ~0.306
Pb -0. 125 -0.497 0. 109 -0. 170 -0.278 0. 127 -0.123 .~ -0.07
Cr Ni Cu Zn As [Mo cd T _F71 P
Cr 1 - =
Ni 0. 7987 * 1 = | P
Cu 0.385" 0.512" 1 # [ # \ A u
Zn 0.383" 0.345 - 0.682* 1 | B EE. | & /
As 0.595* 0.5s10™/ | 0.277 _ -0.080 e 4 ‘ } -~
Mo 0843 0.828"1 [ 0.290°. ° _.40.063 0.701 *** A1V 2 =
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Fig. 6 Dendrogram obtained with the HCA for sample sites in the Yangtze River
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