J. Lake Sci.(#i6#4),2018,30(1): 139-149
DOI 10. 18307/2018. 0114
© 2018 by Journal of Lake Sciences

HES R Ik RABESEBTET B MIFERTRKRE

" E om'TR ok, E R
1 VTG IS R S 03 4 5 S0 BT 7 T2 505 , g A 330022)
(2 ML PGS A B 5 42 B, 7 & 330022)

 OE: T 20154 1 AN T AR TR 2S00 37 ASRAE s SRR 74 KRR, AT ELK 2R 15 RS 4@ e
# (Be ALV Mn Fe,Co Ni,Cu,As Mo Cd Sb TI.Pb U) #yzs [l 43 A RIS Yok IR B0 TR, S2REK W ZBUKEER A
S B R BERT G K Bbn i, T2 BER AR G H L Fe, B A AR RN 21.60% , FLUH As(8.10% ) \Mn(4.05% ) [Tl
(4.05% ) 1 AI(1.35% ). Be A1,V Fe Co Ni Cu U ¥kBEFERG KM 3505 T F /K], HAB T R 22 5 R B3 AR i e i 4
JRIEER W7 [A] 3 FRAE , SRR AT 23 3 A DI 7K B K R Vs M T Be (1) ARV K FER T (C2) |, HAt X 3
(C3) ;i S RmITFE AR INERF ) C1>C2>C3, Hi Be Al Cu Mo Sb As ¥ EE7E C1 #z i, V. \Mn Fe Ni,Cd ¥ FE7E
C2 . SRA K 1A T - SR R AR08 S BRI M /KR B VTV % 4 J T 3R A 2 BER UR; Be (AL Cu \Pb U 75 2
Pk 40% S F R K , Cu  As Mo Cd [{75 GL 1L 35% >k F 0 Fife H -3 [ F AR B, V. M Co | Ni (1% 35 ZL 5 i)
41% 3k H B ERIRHRBEK.

KR BT IR A B OTE s Tk 5 15 Gt B e ¥ % 5 S B T8 Ut 4l

Spatial distribution and pollution source of dissolved metals in the Ganjiang River of Lake
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Abstract: We collected 74 water samples from 37 sites along the Ganjiang River and its tributaries in January and July, 2015 to
analyze the spatial distribution of dissolved metals (Be, Al, V, Mn, Fe, Co, Ni, Cu, As, Mo, Cd, Sh, Tl, Pb and U), and to
estimate the contributions of pollution sources in Lake Poyang Basin. The results showed that the concentrations of dissolved metals
in most water samples met the national water quality standards, and Fe is the primary trace metal beyond the national standard, i.e.
21.60% of water samples had higher Fe concentrations than the national drinking water quality standard, followed by As (8.10% ) ,
Mn (4.05% ), Tl (4.05% ) and Al (1.35% ). In addition, the concentrations of Be, Al, V, Fe, Co, Ni, Cu and U during the
dry season were significantly higher than those during the wet season, while others had no significant difference. Based on the spa-
tial distribution of dissolved metals, three spatial regions were identified; C1 ( Xiangshui River Basin, Zhangshui River Basin and
Ganzhou section of Ganjiang River) , C2 (Taojiang River Basin, Yuanshui River Basin and Jinjiang River Basin), and C3 (the
other regions beyond C1 and C2). The contamination order in the three regions was C1>C2>C3. The highest concentrations of Be,
Al, Cu, Mo, Sb and As occurred in C1; while V, Mn, Fe, Ni and Cd in C2. The primary sources of dissolved metals in the Gan-
jiang River were mining waste water, leaching water of slag and agricultural soils, and steel industry waste water. We estimated that
more than 40% of Be, Al, Cu, Pb and U were from mining waste water, more than 35% of Cu, As, Mo and Cd from leaching wa-

ter of slag and agricultural soils, and more than 41% of V, Mn, Co and Ni from the steel industry waste water.
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Fig.1 Distributions of sampling sites in the Ganjiang River
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Tab.1 Statistics of dissolved metal concentrations in the Ganjiang River and the water standards

#(n= n= Feokit KBRS
FAW (n=37) R (n=37) o el

TR M R T bR RO R T b R . ,
(/L) (/L) (ue/l) (u/l) (/L) (ue/l) (ue/l) (pl) P WHO T
Be 0.001 0.072 0.007 0.013 0.001 0.168 0.031 0.033 <0.001 — 2
Al 6.037 24.340 11.490 3.676 18.870 989.700 186.900 186.200 <0.001 900 —
\% 0.221 2.115 0.814 0.463 0.346 3.971 1.231 0.780 0.007 — 50
Mn 0.906 220.2 17.18 37.37 4.331 216.4 31.72 39.02 0.106 — 100
Fe 53.2 269.4 106.1 50.42 153.2 1918.0 336.2 295.8 <0.001 — 300
Co 0.039 0.229 0.084 0.046 0.088 0.543 0.234 0.112 <0.001 — 1000
Ni 0.506 3.890 1.364 0.750 0.771 8.110 2.197 1.865 0.014 70 20
Cu 0.960 5.212 1.986 1.042 1.373 22.13 4.118 4.571 0.007 2000 1000
As 0.262 36.090 2.986 6.066 0.392 97.890 8.240 19.500 0.122 10 50
Mo 0.084 17.760 1.969 3.807 0.131 28.910 3.717 6.627 0.168 — 70
Cd 0.002 1.874 0.135 0.320 0.013 2.665 0.282 0.528 0.150 3 5
Sh 0.042 4.393 0.278 0.700 0.071 0.808 0.277 0.169 0.999 20 5
Tl 0.011 0.162 0.042 0.031 0.011 0.127 0.047 0.027 0.494 — 0.1
Ph 0.181 3.250 0.674 0.694 0.293 3.636 0.987 0.759 0.068 10 50

U 0.012 0.376 0.083 0.098 0.047 0.999 0.367 0.238 <0.001 30 —

# n ARFERAE R, —FOR TR, a S T A VR K B I 1200 b S v ) T 25 b 3 /K BRI i o277
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T 2 R R R, AR K B, e Mn YR B AE AR VT B KA, A PR AIG, £ TR IS K R VLY
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Tab.2 Dissolved metals in domestic and oversea rivers

" I , ’
AE T E;figj KT e B e e %‘ij{m fﬁ(}ﬁ‘;‘;f‘l iﬁij
Be 0.019 — — — — — — — — —
Al 99.21 — 974.0 — 188.0 — — 64.3 — —
\% 1.023 — — — 69.9 68.0 — 14.1 — —
Mn 24.45 — — — 30.7 64.0 — 12.0 — 170.0
Fe 221.1 — 1660 — 30.6 11.0 — 133.8 — —
Co 0.159 — 1.55 — 2.24 — — 0.57 — —
Ni 1.780 — 3.69 — 1.71 1.0 5.43 25.2 32.0 2.89
Cu 3.052 11.0 8.40 20.33 13.4 — 10.7 16.6 61.0 15.9
As 5.613 — 7.040 12.24 14.2 — — 5.41 37.0 2.54
Mo 2.843 — — — — 22.0 — — — —
Cd 0.208 — 0.280 1.34 2.31 0.02 0.92 — 8.0 0.12
Sh 0.277 — — — 41.6 — — — — —
Tl 0.045 — — — — — — — — —
Pb 0.830 10.0 6.40 2.29 9.26 — 9.30 — 27.0 1.05
U 0.225 — — — — — — — — —

# U FORARKGI , WL A BT HE .

& 3 BTK R AR B S S mIT R WL

Tab.3 Concentrations of dissolved metals in different reaches of the Ganjiang River

i (n=32) HiiF(n=22) TE(n=20) T (n=28) T (n=46)
— P! P2
TUR R/ R I R ERE bR P bR P BRERS gy
(pL) (pg/L) (pg/l) (ng/L) (pg/L) (pg/L) (p’L) (pg/L) (pg/L) (ng/L)

Be 0.035*  0.036 0.008" 0.007 0.008" 0.009 0.000 0.016 0.019 0.022 0.032  0.599
Al 157.90° 214.10 41.55> 44.77 68.78" 89.77 0.015 86.76 119.90 106.80 177.80 0.645
v 0.923  0.495 1.044  0.971 1.158  0.502  0.469 0.954  0.598 1.064  0.715  0.945
Mn 29.13%  41.23  8.39" 5.708 34.63* 49.80 0.047 2347 42091 25.04  36.27  0.808
Fe 211.0  162.1  214.8 3849 2443 121.5  0.882 178.6  116.7  247.0 289.5  0.206
Co 0.171  0.135 0.125 0.091 0.176 0.092 0.252 0.159 0.124  0.159 0.108  0.906
Ni 1.372  0.765 1.903 1.857  2.298 1.727  0.077  2.159 1.883 1.550 1.116  0.044
Cu 3.831 4.080 2.636 3.833 2262 0.894 0.228  2.709 1.397 3.260 4.262 0.313
As 9.544  21.620 2.525  2.257  2.719 1.631  0.128  5.843 18.160 5.473 12.130 0.312
Mo 4380 7.646 1.849 2950 1.463 1.213  0.099 2435 2.603 3.091 6.614 0.003
Cd 0.175  0.348  0.228 0.426 0.239 0.586 0.854 0.202 0.387 0.212 0474 0.813
Sh 0.371 0.760 0.164 0.073 0.252 0.078 0330 0.209 0.102 0319 0.636  0.829
Tl 0.047  0.030 0.035 0.026 0.056 0.029 0.145 0.044 0.021 0.045 0.033  0.150
Pb 0.942*  0.783 0.480" 0.265 1.039* 0.903 0.024 0.686 0.608 0919 0.803  0.069
U 0.247* 0.262 0.123" 0.136  0.304*° 0.228 0.029 0.185 0.190 0.250  0.251 0.206

* n RREEEOE, BARARI/ING FRAUERTE 0.05 WAEMKCFRGII , SRR Z MIAFAE g 2 5, PR boh R e B
Fe 5t WEE PAH, PP R TG SOR I B2 5 B P {H.
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Fig.2 Spatio-temporal distribution of dissolved metals in the Ganjiang River
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SHESIIE R 4 B 4 3 R R, ok 0 dE R 47 KMO Tab.4 Rotating loadings of dissolved metals on
(Kaiser-Meyer-Olkin ) A1 45 A R BRIE JE G 56, — %A principal components in the Ganjiang River
7 KMO>0.7 B 3& & 404, ki & 3, 78 P< T PCI PC2 PC3
0.001/} KMO {24 0.837, BRIE J& 46 46 (Bl 869.42, 3 Be 0777 0347 iy
IR 2 74 4 B AT AL 3 A R4 W T N 0895 tots 016
69.82% M E R, /R T 15 M & B u E Tl Re A 1E v 0.282 0.263 0.684
i 3 Rk (£ 4). Mn 0585 0306  0.228
PCI @B T 30.55% By )7 275 5, Be Al [Fe Co U Fe 0.799 -0.001 0.510
AT BRI E A CRBEFE T B R>0.7 FIE Hy 4 e Co 0726 0268 0542
7)Mo Cu Al Pb BATBAREAT. BEL Ik 13 N 01197 0.265 0.803
KB M, Be AL Cu 1 Ph U % JE 53 4 h A N s
B AT A Be, Al Fe.Pb, Co TCE, B Mo 0:132 0:871 —6.068
L R RS KR SRR 7 8 0T TR cd 0.144 0.668 0.318
WA AT BE (LM T RS R AT -6 hitp: // www. sh 0383  0.685  0.412
gzhb. gov. en/infopublic/flexoutput/ ) , & W™ J& 7K HE it A Tl 0.061 0.745 0.427
W, 8% X 48, Mn, Be, Al Cu,Pb U ¥ #10. Be, Pb 0.648 0.088 0.005
AT Fe Co U, Cu Y i 45 i K 9] 8885 75 K 01 (3 1 g 0772 0227 029
e s o g FHEME 4.58 3.39 2.50
N 2) RBLT =F K U] B K 6 SR R 7K 04 s A o
N . N N T E TR/ % 30.55 22.61 16.66
PCI SR A5 42 T8 L R B KA. Bbonmias 05 536 6o

PC2 i T 22.61% I J7 2275 5, Mo 7% 43 1
BTIRS , FoUCH As TL.Sb 1 Cd. T1 il As Mo Sb 4y * KMO BriafiiDly 0.837, Bartlew SRR $o MR85
SIAERETT FIZE K (L. 7 e s a0
As.Sb . Cd TEE ™™ MR A 2525 S5 As 1 Cd 5 B2 T3 rh ) WRVT AN ZE K SR s ™44
P2 CFEL L) IR Ml R X R AL X, WA T I 7 R 4 e 1 As Sb . Cd 4 AT , 5380 As
Sh . Cd Vi B 7E 2% X 38 IR A As Mo, Cd \Sb T1 ¥R BE7E K IR K IR 2 0E % 25 5 IR B T K 132
WK (R 5400 PC2 25 VA A5 40 8 JT 22 (0 WS IR I - A8 T 9 e L

PC3 e T 16.66% [y )7 275 5 Ni 7E 1% MUSY 1 5 A 9315 25 , Kl Vs Fe Co Sh AT TI 5 PC3 LA
S (K 45045 Ni, Co VIR 243 5 46 i 1T 7 42 EL B e VT 717 Bt IR AR5 1k 3 A4S X 88005 ek -, Ni ATV
Vi BEAE C2 i (F64) ,V Ni Fe Fil Co BF-IU BE (e R A 55 TRk (36 1) . MBI IR K b & A K
H# Ni Fe Co'™ 1 V™' 2, F/K SRV IBRIEE SR VB4 02 (18 1), 52 30 s e e AR RO i) 2%
X4 Ni \Fe ,Co W FE HBLRACME. PC3 Fom i 25 4 I8 70 2 I SRR R B 7K SR VR
23 RBAEBTERESLER

R A5 BE S VAR S 4 B T MR B 9233 101 25 5 (1R 2) , AR AR TR R A 2 U SR A W 8 1 (1R 3) L BT
K RS A BT AT IS b 3 A5 Y K I 13.5% (9 RE SAE X B 1(C1) 490 FEIHI /K | 38K R v i M i
BE516.29% BORRE SUTE KB 2( C2) 4375 (EBRTT 3K RIBR T 570.3% O SRRE S 76 X I8 3(C3) (181 1 TR 3). 4%
& 5T BR Mo Fe (Cd \Pb 7E 3 XU rh 22 7 R 1 3 4h, HA T R 2% 5+ % Be (Al Cu As Mo . Sb )71
VBELE C1 J5:f% 5V Mn Fe Ni (Cd (33 BE 76 C2 H5; C3 B Ni,Cu Mo 4, HoAth o6 2 i F- 34k B 1 35 M1E
F C1 A C2. 3 AMKIRIE Z 1975 YA /NI W : C1>C25C3. C1 R EHI 7= 4 A0 X, (7l 2 5 [ 2
(IR RS R IX , 32 R0 B /K HERC 45 1 -S4 T 4 i BT, Be AL, Cu, As Mo, Sh i B Fit 5. €2 24k
B4 X, 2 R AR B K HERC A B4,V Min Fe \Ni,Cd ¢ 5 25 €3 1 30 0 BRI AR L 37
BT CLANC2, IR C3 A04E T A4 T, A S I A 8O T b i , DA TS B T 40 VA i 5 4 I e
% RS SR ITRWRENLT C1 A C2.
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Fig.3 Hierarchical cluster tree of sampling sites by Cluster Analysis of dissolved metals in the Ganjiang River
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Tab.5 Mean values with standard errors of dissolved metals in different regions in the Ganjiang River

Cl1 Cc2 c3
P/ (ne/L)  PRUEER/ (ng/L) PRI/ (ng/L)  PRMER/ (ng/L) PRI/ (pe/L)  FRMER/ (pg/L)

Be 0.054* 0.016 0.017* 0.007 0.013" 0.002
Al 231.60° 97.65 80.90" 28.00 77.98" 15.71
\% 1.173% 0.219 1.411° 0.132 0.904" 0.094
Mn 39.56 8.64 44.35 17.22 16.95 4.48
Fe 258.97 72.38 297.70 31.50 196.20 36.33
Co 0.243° 0.056 0.216° 0.026 0.129" 0.012
Ni 1.412° 0.296 2.606" 0.429 1.660% 0.209
Cu 6.064* 1.857 2.221° 0.122 2.664" 0.415
As 27.10° 10.50 2.50" 0.38 2.20° 0.30
Mo 11.694* 3.361 0.970" 0.185 1.573" 0.294
cd 0.353 0.173 0.404 0.216 0.135 0.041
Sh 0.840° 0.402 0.291° 0.018 0.166" 0.011
Tl 0.059° 0.004 0.070° 0.013 0.036" 0.003
Pb 1.226 0.297 1.092 0.247 0.694 0.088
U 0.338° 0.101 0.414* 0.067 0.160" 0.025

# CL R K VLR T B s €2 BRYT K R TT; C3 A XK. EARANR/ING PR 7E P<0.05 B MK, 48
THRREZ A7 1 35 22 5.
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24 BRSEBAETRRFRME Rl
LA TR AR o e LR
BORVRIER 1, AT M5/ 22 TC 2 I (MLR- Tab.6 Source contributions of dissolved
APCS) T TRRTLAKHR 15 Bl 5 5 I 0 2 975 metals in the Ganjiang River water resulting
JETTHRE. B} Mn Fe .Pb U iy R*/NF 0.6 b, HiAthor from multi-linear regression of the absolute
FEHAE 0.6 LA (F6) , bl RIA T A RiT %5 principal component score ( MLR-APCS)
S Be (AL Cu Pb U 975 4L I ok 40% oK [ R4 VR T R
Bk St Be ALU BRE T 70% Mo fRW B UF — o o F
BB AL, Hoh Co F1 Sh. Cu,As Mo ,Cd (75 4L i
M3 359 FT UK TSR E, Sk ca g Be TR0 IR0 08
SRR, 00O G Mo, Mn i AR L D D T O
SERERRIE ST R R AF, LU ALY NLTLPD AL o T

Fe. V\MH\CO\Ni E@/ﬁ%/ﬁﬁﬁ 410“716 El ﬂﬂ%&ﬁﬁ%% Fe 35% 9% 35% 21% 0.49
7K, Hor Mo it T 60% , As B2k 16 1 2 K STk % Co 3% 1% 49% 38% 0.86
%, Hok &y Cu Fil T Fe BSR4 R K R4 @ 16 5% Ni o 42% 3%  44% 11% 0.85

IR BTRRERAR R 35% , HOR VR AT 66 = 232 0 5 WL 52 Cu  50%  49% 1% - 0.74
M. V.Fe Co.Ni Cd.Sh . TI.Pb BrZ2 CLiR I 3 Fhjg A 2% 3% — 3% 064
WRSN SEZ A Y R0, P V Co As Sh, M0 e e 0
TLPb T B He iR 30% cd 14%  39%  36% 1% 0.69
N MR ’ Sh 6% 14%  30% 50% 0.63
3 i T 30% 4% 2% 65% 0.69
Ph 41% 8%  22% 30% 0.36

AR YR T8 VL3 Bl A3 A = K 0 i 2 U 2% 12%  15% - 0.47

SR TE R IR , PR RS 4 70 28 025 1 49 — P

A 75 R e B A TR 6 45 L R W B ;Ziééﬁ—%@i?(ﬁmEif%mm‘53 e
IKRE IV 25 42 8 0 22 WK JE A5 4 /K b, 5 0

FRICZ (REREARZR) Jy Fe(21.60% ) As(8.10% ) Mn(4.05% ) TI(4.05% ) Fl Al(1.35% ). BEVT /K 22 Vi i
B4R T 25 Y F B BEORHIK B K IO T, £ 85 4 IR CZ 451 Be Al Cu.As Mo, Sh;
FLUCR BRI SR RISRIT, BB 4 R CZ A HIR V Mn Fe Ni Cd. 6 BEK 5 AR T -+ B R B
BRI R B AR BTk R A SR TTZ I EZ K. Be AL Cu Pb U FT5 e IR T 40% K B R0 Bk ¢
Cu As Mo Cd (75 e U5 B 3E 35% 3 1157 R 11 -1 HERA I ; V M Co Ni FIOT5 e 5L A 2ok 41% 3¢ 1 400k
VR K T B T S P LR T VEU A TSR I TR B VK v 75 R 6 25 0 2 0 e U, B
IX SR (P R4 B VA T 4 T 215 e S
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