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Distribution characteristics of heavy metals in overlying
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Abstract ; Eleven samples of water and surface sediment were collected in the Yongding River, with
ten pore water samples obtained by high-speed centrifugation of the surface sediments. The dissolved
heavy metals ( Cd, Cr, Cu, Hg, Mn, Ni, Pb and Zn) in these samples were analyzed by
Inductively Coupled Plasma-Mass Spectrometry, and relevant physicochemical properties were also
determined. The partition coefficients of heavy metals between water and surface sediment were
calculated. The results showed that the main hydrochemical type of the upstream part of the river in
this research area was Ca*"-Mg”*-HCO;-SO> , while that of the downstream part of the river was

Na*-Mg**-Cl"-SO3". Only the concentration of Mn in overlying water exceeded the limit for Drinking
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Water Quality. Concentrations of the heavy metals in pore water were generally higher than those in
overlying water. According to assessment of heavy metals in pore water based on interstitial water
criteria toxic units (IWCTU) , Zn for all sampling sites (except site 2, 5 and 11) and Pb for the
three sites (site 6, 7 and 8) had a toxic risk to aquatic organisms. Cd, Pb and Ni showed high
concentrations in both overlying water and sediment collected at sampling sites where the coal mining
activities were carried out. High concentrations of Hg near the coal mines should also be taken into
account. Pb, Cr and Mn showed higher partition coefficient values while the values were lower for
the other three heavy metals ( Hg, Cd and Zn). The distribution of all heavy metals in overlying
water , pore water and sediment was sediment > pore water > overlying water. Among heavy metals in
overlying water, pore water and sediment, Cd and Pb in both pore water and sediment were
significantly correlated. The principal component analysis ( PCA) results for the heavy metals in
sediment demonstrated that Cd, Pb, Ni, Hg, Cu and Cr were present in the first principal
component, indicating that these heavy metals probably had similar source.

Keywords :the Yongding River, hydrochemical type, overlying water, pore water, sediment, heavy

metals.
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1 # B ( Materials and methods)
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2 R 51718 (Results and discussion)
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H pH (B B HL 5% 1 TR S 1—5 5 SRR B DO (bR e 1.4 SRR 7 S22 00).
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Table 1 Physico-chemical parameters of overlying water

% R AR LR i3S AL LA
Number Temperature/ C DO/ (mg-L™") EC/(p S+em™) pH ORP/mV
1 12.2 10.49 1066 8.34 -62
2 15.2 8.75 421 8.65 -78
3 12.3 11.44 660 7.64 -22
4 12.4 8.24 1082 8.10 -49
5 13.6 7.52 597 7.98 -42
6 17.1 14.60 906 9.05 -102
7 17.8 8.30 1232 7.83 -34
8 16.2 10.13 826 9.01 -100
9 14.5 14.23 896 9.01 -98
10 11.6 9.52 763 9.69 -134
11 14.4 9.60 754 8.62 -76

KA P T AW 43 A Na*> Ca™ > Mg™ > K'Y, Hodr Ca I Na* A8 5+ R ALK
(2 2), UL A R AT BH B T B AR 22 5 A _LREIR) 5 A SRAE S5 (4 5 5 BRAM) Na™ VR BE /T Ca™
TE T U, D00 H BRAE B2 VR B SC 2R (R 2) KR EZERBHES 7 Na* Ca™ Mg™ %5 3 R Es 1. B B F I ik
BE4 A A HCOZ> SO% > Cl'> NO;> F, Hirf SO2 NO; HYZR S R B LK, 13X PR S Bt SR A S Rl ik
JEE AR B K, BIFE KA A 43 AR AN Y50 B B 8 7 78 7K 10T TR R 405 T T U H T i e T Gl
SO My & i 2 Tl SR SR B R a3 X T BB S M IESZ 2R 2 M A RS2 A G s 45 G 7K S
[l OC TIRER HZ 430 X 2 T BB IR ER /K IR RE A, T DU BEAS A 5 v 62 F LU0 1 5 SR R e
B 7 5 5 (I 0 A0 ) BB 7 E 5 LA SO ARG DB SRAE 5 40 P A 21 ) 28 i K kR
piper ’I(F 3) 40 1 MWW EUFAD S A (1.2.3.4.5) 8 2 NI R ALRY 6 4~ 45(6.7.8.9.10,
11), Al &, EUEY 5 A S KA 2A 265 3355 Ca® -Mg® -HCO;-S02, Hivh 4 53Rk s i K Ak 2 26
HNa*-Mg® -C1"-HCO; , 41 2 /KA £ 38 Na®-Mg™ -C1-S07 ™, Ui M b 1% 2 R i /K i b 2 2 Y
KT LR AL, FRAT IR BE B G I R 1) A B B A8 1R R R A 2 A ) K S e o R T
AL, Tk AT K N R A O A KA CLU, D IHEWT RUiRRY 4 55 RAR S B R R R 2 8 T
MRS R

&2 BAEUKPP] HE TR (mg- L)

Table 2 Concentration of cations and anions in overlying water(mg-L™")

e/ MA KM i bRifE2E ALY
Minimum Maximum Mean SD CV
Na* 1.25 117.00 66.53 40.83 0.61
K* 0.29 7.66 4.48 2.35 0.52
Mgt 0.43 48.30 31.53 13.53 0.43
Ca* 0.53 181.00 48.57 49.19 1.01
F- 0.11 0.85 0.49 0.24 0.48
cl- 14.30 131.00 68.35 41.59 0.61
NO; 0.08 3.13 0.71 0.99 1.38
S03” 25.70 339.00 130.92 87.15 0.67
HCO; 83.95 178.85 137.29 29.49 0.21
TDS 109.50 662.61 238.81 183.91 0.77

2.2 LFEKPESERES N
KT AFESIR A FEZER N M > Zn > Ni > Cu > Cr > Pb > Hg > Cd(F3).8 fhE 4@ 1E 75
KPS BER T M 56T RUFEY 7 508 T A 35 K I BRAE AN, HoAth 79 5 4 J8 2K T b Rk
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Fig.2 Distribution of cations and anions along the Yongding River
® |
@2
o3
e 4
o5
m6
m 7
o8
=9
o 10
11
\20
80 60 40 20 20 40 60 80 -
2 Na* HCO; a
B 3 JKEE piper K
Fig.3 Piper diagram of water samples
®3 EUKESIEHIIFAE(pg- L)
Table 3 Distribution characteristics of heavy metals in olerlying water( wg-L™")
/ME RIME HfH b2 B WK 1/ 1/ W HhwifE
Minimum Maximum Mean SD CV Grade I for ground water
Cd ND 0.042 0.015 0.012 0.800 1/575
Cr 0.737 1.440 0.998 0.216 0.216 10 /50 /50
Cu 0.541 2.460 1.531 0.633 0.413 10 /1000 /1000
Hg 0.024 0.037 0.029 0.004 0.138 0.05/0.05/0.1
Mn 1.910 179.000 22.596 52.288 2.314 100"
Ni 1.590 7.950 3.285 1.872 0.570 20"
Pb 0.103 0.415 0.209 0.092 0.440 10 /10 /50
Zn 3.250 34.700 14.929 10.925 0.732 50 /1000 /1000

T8RP =« BN TS TR DAEARIE (GB5749—2006) 5 F APl = = A9 48 AP U I ST /K ISR K R E T Ni BYBRAEL; ND,
ARA 5 Cd AR BR N 0.002 pg-L7'.

“ %7 Standards for drinking water quality( GB5749—2006) ;“ # * ” Limit value of Ni in the specific project of centralized drinking water
sources;ND, not detected. ; Detection limit of Cd is 0.002 pg-L™".

Mn ZEERHE T (R LT oAGE R R ) 3 — R i & AR, 1078 A A B 20 A R AL A Mn
AR5 22 AN R, A i DR ] -5 B B A AR 3 5 KRR G, 73 A B E R A SR i i B A — 1
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Fig.4 Distribution of heavy metals in overlying water along the Yongding River
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T2 953, VBE A o IO 19 i) Bt /K LR 0 ) Bt K P 4% B 42 S X 40 A1 B SA M > Zn > Ni > Cr > Cu = Pb > Cd
(F£4),5 FEKDEEA —E M2 5.Cr Mn Ni Pb Zn Cu #56 2 5 81k A SCHR HE BORE S 1A AE , 1361
] B K b 7K b o 4 S e A I A 3 0 OB (B B K H M (9 B BV TR R 107—4201 pg- L7,
fo ATk KR Mn 8110 48 % Zn MUMREEIEFTY 2.51—996 ng- L7, [A] BB K A He, fe it mT 3k
| J5 114 29 5 RIBRK o Ni VR BEE I 13.6—38.4 pg- L', PME & F A KAE 6 45 Cr Hk B K
4.19—21.9 pg- L7, WA @& BB KK T Cr 12 £%; Cu ZETT R W A B K i iy & &8l 3.55—
11.7 peg- L7 ¥l i o BB KR Cu &8 5 4%; Ph 76U AR 9 ] B2 /K v 0 & & Y6 Bl 0. 22—
17.2 g~ L7 AT 3K KA 34 4%, 8 H 38 I 5 15 Y ) G4 1 /K 0 S v i R 3k ke vk 3T 3 %5 Cd 7
DU RN R K HR S FEL A 0.03—0.34 pe- L7, 5 BRI & i B YA 1145 i e mT )
Bk M AS Cr Mn Ni \Pb.Zn Cu.Cd AU HE KT EEKPX 7 FE 4R & &

ORI B H i Min S50 AR T EROTK DA AR AESE 12 6%, 3X 5 Mn 52 S0 00 Ji HL A7 52 i 45k
AR AEF TR A WU AR A A b, ORI Bk 78 > S A7) i A 3 D s 17, 388 A fie R A FH R ik
i i AFLBRAK ) AR LB K A ) e B L5 2 L e A5 A3 ) i Ni | Cu [ B/ 5 K 2
TET) 18 9 5 22 30 B8/ DN D2 P Ay 3 PR o 6 35 52 B Ak 3R D R A7 A8 A ) 2 M 4 /.

Zn W T R (E AR 1000 g L7, 3900 2 fe R, IR HHAH SCARHE (BT 10 £, T BESE: Hh X A
JCR AR T H G B, 7 55 B P 1 K 5 R B SR 2 T LT 1 58 A DR o  (EX RO O R R, &
5 3% BN /K AR R AP I A0 9 5 ) A% 755 R S 6 ST TP B 4 B TR 0T R B Zn £ L) 55 R ] SR IGEAF
1 XML SR TAYA RS, oA B e A A TR OB W 1) K 1 Sk 3 4 B K At
FUP IR & B 4 T o ] LA Do) S i 7K A o 4 a8 (9 AR A R 34, DAL PT AP A2 B 4 I 1 TR FE 3R BT
faE.

® 4 UUBEBEUK b SR A A RFIE (g L)
Table 4 Distribution characteristics of heavy metals in pore water( pg-L™")

RME ®RME HfH b2 b WA | WA | 3

Minimum  Maximum Mean SD Grade I / I/l for ground water cce cMC
Cd 0.03 0.34 0.17 0.11 1/5/5 0.25 2.00
Cr 419 2190 1170 622 10 /50 /50 74.00(Cr") 570.00(Cr")
/11.00( Cr®*) /16.00( Cr®*)
Cu 3.55 11.70 7.16 2.69 10 /1000 /1000 9.00 13.00
Mn 107.00 4201.00 1192.40 1340.99 100"
Ni 13.60 38.40 20.57 7.08 20" 52.00 470.00
Pb 0.22 17.20 7.12 6.01 10 /10 /50 2.50 6.50
Zn 2.51 996.00 484.32 384.70 50 /1000 /1000 120.00 120.00

T H s s B AR TR SRR T A BR UE ( GB5749—2006) 547+ = B4R P U 3B AR ADK IR I AR 0 Ni B9BRAE ; cCC il
S5 Yoy I RAEAE K BB S MR [ (USEPA 2009) 5 CMC S 5675 e 1 161 5% 732 /K 00 5k o i RO ¥ B ( USEPA 2009). < % 7
Standards for drinking water quality; “ * * 7 limit value of Ni in the specific project of centralized drinking water sources; CCC: Criteria

Continuous Concentration (USEPA 2009) ;CMC; Criteria Maximum Concentration ( USEPA 2009).

232 UIBWIEBEOK hE R

P T3 X C AR A [ B 7K 9 J5 e i = A N B PE AN Bm o, A BIF 5% SR FH 3 ) PO 38 A & 1% ] B 7K s
FEME BN (TWCTU ) P 5 [l B K i A7 2 4 ) A 37 4%.

[i) B K T M B A 2K

IWCTU,, = M., (1)
Y FCV,

AP, M, ], s BB K R8s i s e 1 T 4 R BE 5 POV 3005 T 4 A AR ARt 32 ) e 248

B B 7K B A A=K

NI = {| IWCTU) _ > + AWCTU)2_ |/2} * (2)

max mean
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x5 HEPEFCVHITA AKX

Table 5 Calculation formulas of FCV values for heavy metals

HER MRS JBE (Y B 2B ML (FCV)
Heavy metals Hardness-dependent ( CaCO; mg+L™") /final chronic value (FCVs)
Cd FCV ¢, =CFax[ exp(0.7852(InCaCO, fifiF) -3.490]
Cu FCV, = exp( (0.8545xInCaCO; fi ) -1.465) x0.960
Zn FCV,, =exp( (0.8473xInCaCO; fli & ) +0.7614 ) x0.986
Ni FCV y; =exp( (0.8460xInCaCO; HfiFE) +1.1645) x0.997
Ph FCV,, =exp( (1.273xInCaCO, f ) ) -4.705) x0.791

1. CFa=1.101672-(0.041838XInCaCO, FHJE) .

FIFH IWCTU AT DA% S5 e (8] 5 K o o 45 g ¥ YR B T NI D0 AT DAz e () B /K 18 775 B4 7K SF- ) NI
FEAE KN 43 1 0—1,1—2.2—3 . 3—5 [ 5 DL b 5 NS0, SRR B 20 ) o G B b 4 5 e it
502 A4S SR AR AT DU AT B K Hh 4 R R R A T PR (R 6) , KRB Cu Cd (Ni %5 3 Rl 42 ) 75 T
AR R KA AR YA EAE RS IR A3 RAE AL (B 2.5.11) Zn 19 IWCTU {1, 5 KAE N 4.85,
P LCHEWT Zn XK AOK A= A= A AR TR R B2 9 2 XURSE ; P 7R SR AR 6.7 .8 19 IWCTU fH Hhi K, ¥
if 1, ATHEIRT Ph 7EX LA SRAE SRR AR R XU § SR AE A 48 PR NI B 0l ik 3 1 2.86 i1 3.61,
ST RAE S IR K U8 X PN SR A LA R T A B RS, 17T 2.5 .11 SRS NI (E /N T
1, A 3 s ARAELE TR MR ARG 4 5 R A A i sE M SO0 B T SCHRE B I e 2R A S T RERZ 2 TN
R YL 6.7 8 T RAE s TR BIFGE X A T i BV B A I SR i 2 8 Rk T AR
[ (AR T SRR XTI 7= A T 5 M) 3 ) Bt /K 45 i P 88 v I ), R85 ) R PRl il /K
TEAE—5E I T UG

x6 FEAEEN IWCTU H MG 5
Table 6 IWCTU values of heavy metals and impact grade

ﬂiﬁ C/IWCTU  Cw/IWCTU  Zn/IWCTU  Ni/IWCTU  Pb/IWCTU Y IWCTU NI RN
site Impact grade
1 0.04 0.21 1.56 0.02 0.34 2.18 1.15 B
2 0.06 0.54 0.02 0.09 0.05 0.75 0.40 TG
3 0.04 0.18 2.02 0.05 0.26 2.55 1.48 B
4 0.03 0.17 3.95 0.04 0.22 4.41 2.86 LEE
5 0.07 0.23 0.05 0.05 0.42 0.82 0.32 ¥
6 0.16 0.52 1.76 0.05 1.66 4.15 1.38 i
7 0.13 0.11 2.43 0.05 1.39 4.09 1.81 7
8 0.18 0.31 4.85 0.12 2.35 7.82 3.61 G
10 0.08 0.33 2.19 0.07 0.79 3.46 1.63 B
11 0.02 0.27 0.07 0.06 0.53 0.95 0.40 ¥

2.4 DU E 48 i oA REAE

DU 25 Pl 42 )8 & 5 OC R Mn>Zn>Cr>Ni>Pb>Cu>Cd>Hg (£ 7) , 7 50t 158985 {6/
Fbaser, W] LR R4S P 4 A1 ik A T A S 0 SRR (AR AR Cd ZEIT A R a5 T 2
REFREY, T R AR 9 £, oA e TR BRI FUFAY 4 5 B KA, X 520 KA 2004 4 [ W ) 25
JEAARIAY T .Cd 28 IR 1SR R 7 S 0 B i A o, AR Cd nT RE SRR TR A 6. Cr,
Cu.Zn 55 3 FREE 4 JRAE 9 5 i BRI SRAE 5 1 75 et it o5, 35 AR BH A5 7 2001 4155 75 e T IS Dl O AF 52
— A BRI A A A T A SR R VR A T ACE T EEAY 1.3 .4 5 3 N8 Zn AR L a1
FHE (K S) TR T Mn B8 E TG Bl 229—731 mg-kg™', RA M Tk EW BERy 1 55 Tdb s
- HEFEFE ; Cd \Pb Zn %5 3 FhEE A B RN T8 FIEEY 1.4 B SRAE S A B i o, X 5 K
Cd \Pb . Zn BY53 AR e s & — S0 R ERY 7 A1 11 5 P RAE S Cd Cu \Hg Ni \Pb 45 5 PP &) & i b
A YOl AL R R R, T R e BRI T Ph 7 ACGE TR 0 R — AN SR EE
AU IR R E, X T RE S Ph W Y RN AT O, He 76 7 SR PR A A it Bl = (E, B
15 A A X IS SR B B A A, DRI He 59050 R & 2 A G
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Table 7 Distribution characteristics of heavy metals in sediment( mg-kg™")

/ME RAAE HyfE Fife 2% GE
Minimum Maximum Mean SD Background value

Cd 0.10 0.64 0.25 0.16 0.07

Cr 25.90 70.60 47.61 13.39 64.40

Cu 12.40 49.10 24.71 10.23 23.70

Hg 0.01 0.15 0.05 0.04 0.05

Mn 229.00 731.00 450.09 141.16 685.00

Ni 21.20 174.00 40.45 44.44 27.40

Pb 12.60 135.00 35.47 34.80 24.10

Zn 39.60 161.00 94.75 40.41 97.50
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Fig.5 Distribution of heavy metals in sediments along the Yongding River
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2.5 EEBETURWA EAE KA R AL

HRMBITEERY, B AR LR, K 2 DIDIEsH 486 8 e S E6 I ATt
By AT £ B e DU B < e P o e K T R B i e R AR T K e R AR
NEMRAE RO — BT A AR IER  FESN A KRR S KA AR AR5 ) B BT, DR
o 4 R i K T A SR SR R ERT R LK i B K 4 e g, AT
X PR A AN SR _EATK S U FAE A8 7k R 33 4 S A P b A St e 9 70 iE 3R 8, A — 5
FREEE b 0T LLBEH 4 SR AE K R rh i RS R

HHRAX.

C,

Kd:i (3)

K, Cy(mg-kg™) . C, (mg-L™") 73 5N R G5 AR AS B A (DU A (S hE 48
i

i  m TR - EEDK TP Ry B R BRI (I 6) AT LA H Ph 1973 Bic REC X BUE R 5.15, 525
) 25 56 TSI DR - K 5 4 IR A A AR BB S AW 45 O R e ) I 4 SR AR DU - B K R
BT R BGHAT TIEIE AR o i 48 A s b Y PR 23RS OV & B e K IR R T se h S5
HAFEIE SR E VM N, FAASEARES 5B RS E Wa 20 % BR300 37 49 P
HEA KA G FE F AR DT KoK rh s 58 5 S5 A AL TEHLES T A E T IRAE T Ui b OF B2 DIFRE X
—IJEBAFETEMn Cr A ELREN T 4.6—4.8 Z 18], & T H AW LF 4 @ 7E DT - LK Th i 43 B &
BE"S o 2 N K L X S R AR S Cr SRS Y & ks 80% LA 1
ARG5S BATAE T Hof 25 2 O b, I Cr R /K M b 32382 DR SE (TR 20 A7 T U0 AR v, T
AR Y- K A3 e R B I R T B ER XS HE T R FE I X Mn 7682 + RUTRYH RIE S G &
B Mn 7ERRSEH AR AL LA, HAE SRS Al R v, mT DARRAR H S X IR IS & AR IS I & 2 1%
Wit 0 He \Cd \Zn A5 PE R B, Hei 25 & B Zn FE3 1T 75 I v 3222 AR R BUS A7 76
Wojtkowska X ZRFHIE I GTRY) of 8 & R A58 b & 30 Zn 2 B DURR R $5 45 A& 8 I B AL A7
FE T Cd AR I RAE AR R SBR[ BB A5 0 A, 263 AR 1 0l e s oA HLah & B S A7 AE,
AR He 43 22505 5350 3 490 1 5920 e R 80 HE B — 20, BB 3 Fh e 4 @ 25 50 LR
RO K, RIAT R0 B 5 i, LV AR I IR BE 1 3 LR K.
2.6 H&JEAETURY-IAIBRK - B K P B A R AE B AR S A

HEK DU R B K K DAY = 3 v TR A R 1 i S 1k B B b B A I Y — B
(B 7), 07 DU 4 i ATKIR Z S5 I AR 23— B DAV ST L BDK A2 A | Thie 2338 1k iy B TR b 22 i
RS I 2R A FE DU A7 A, T ELUTRR S v st v 9 0 R A B K R R B K Hb 78 2 AR R X 4
DUy 3 A %) DO LA o b A o v A A o A, BRIV B 4 Ja A 3 R o v 0 A LA — 52 O A
Kotk R E 4 I e DURR P Il ] KSR RS i R R A . ODIBRh al 2 8 4w 1y & i, QU
AR R UTIE R P I B 1 i, AR b AVS 198 i IR PR R £ L AR I & i 5 ORI 4%
B R PE R B, W AT S A R | R S A DR SR AR E AR B TR IE T
IKARGURR ) o (10 B 4 SR S 75 6 B0 HE AR W B M S o 4 2 U AR - 1) R/ T 9480 R A v A o B AR AR

FH T 4@ 7E T B K- B/K - 3 i o b A A S (38 8) ml i, /K v B 4 IR I AH DG LA
/IR A Ph R Cd i 2 K tedse iy, Ui+ Cd 5 Ni Pb,Cr 5 Cu Mn,Ni 5 Pb (4K
PEAR H A 2, S Ph A Cd 7 8] B/K RINUR) Hh A AF SE PR AR AR = s DTRR W A FE o340 Hr (32 9) 45 %
W Cd.Pb Hg Ni Cu Cr 7E5— E A HA B R AHE, B L SCHR BT Y Cd 76T A SR A
SUH R AR A, 7R BT S0 A DX 2 W B O 5, O HL Hg 7R DRI & s e i, 6] ik S
4@ TR HA AHR R IR , 5B IT R IE SIAEAE B VI OG22 5 Min £E58 o, U6 A7 28 S R U5
5 RAEK A Mn 958 PR HE B — 3000 .45 T 4B e LK H R ] BRK (BR Pb L Cd) H g AH SCPERRAR /)N
X AT RS R Rt A KA T 42 J8 E ZERAE T ORI S BT b A OGO A 98 B 2 UE W, T 4 J8 e K IR B I
Yy S R B TR A &Y Cd SRR O ST 0BT R, A AR JC K IR AR ER
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Birp, Cd SRV 0T A SO IE A DGOSR REAEEVEES Bl R T HLZ SR DR I Cd oo R
P (L DA SO RS X SR AR A YRR (H IR 5 Ph AR SR LR, AT Ph 58 = ASRAE A Cd 1Y

FrE AR,
61 —=— F7A K Overlying water(ow)
— -o— [A]BR7K Pore water(pw)
T:; r 3ir —a— VLR Sediment(se)
SN "
= § x T ok
§ 2 H fm’ \j ,\‘!3 o+
:g \ FEE L
E I 4+
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Fig.6 Logarithmic graph of partition coefficient of Fig.7 Logarithmic graph of heavy metals
heavy metals between sediment and overlying water distribution in sediment-pore water-water
F8  ADK-HBUK-TUERY) 4w A e
Table 8 Correlation of heavy metals in water-pore water-sediment
cd Cr Cu Hg Mn Ni Pb Zn
Cd 1
Cr -0.045 1
Cu 0.310 0.105 1
DK Hg -0.216 0.228 -0.208 1
Mn 0.007 -0.353 0.136 -0.147 1
Ni 0.514 -0.127 0.645" 0.289 0.150 1
Pb -0.102 0.318 0.054 -0.019 -0.038 -0.386 1
Zn 0.257 -0.303 0.082 0.534 0.337 0.614" -0.069 1
Cd 1
Cr 0.306 1
Cu 0.133 -0.052 1
He na na na na
[AIBRIK Mn 0.282 0.194 0.194 na 1
Ni 0.471 0.582 -0.189 na 0.758" 1
Pb 0.946 " 0.264 0.012 na 0.242 0.504 1
Zn 0.449 0.226 -0.191 na 0.127 0.313 0.512 1
Cd 1
Cr 0.378 1
Cu 0.529 0.750 " 1
Hg 0.607 " 0.316 0.619 " 1
Ui Mn 0.227 0.834** 0.753"" 0.134 1
Ni 0.815"" 0.191 0.050 0.169 -0.022 1
Pb 0.891 " 0.300 0.232 0.374 0.066 0.957 " 1
Zn 0.354 0.246 0.146 -0.078 0.374 0.468 0.466 1

W o+ % FIRTE 0.01 ACF-(RUI) [ BEEAHDE; + FIRTE 0.05 AKCF-OBU) - i EAHC.

“ % %7 significant relevant at the level of 0.01;* * ” significant relevant at the level of 0.05;na,not available.
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x99 VIBWESRE IR
Table 9 PCA of heavy metals in sediment

VIR FFE(E TR A Tt I A e
Initial eigenvalue Rotating square and loading Rotated component matrix
v h o .., H4E
Wy e EVAGTL e Stk Rk Heavy
Component AR ~ ) . i 1 . e y
P ?H fiE(H Contribution (Jurm'ﬂdu.v ¢ ,th‘m;{a Contribution (Jum%ﬂdu,\ ¢ metals PC1 PC2 PC3
Eigenvalue contribution Eigenvalue contribution
rate/ % rate/ %
rate/ % rate/ %
1 3.888 48.595 48.595 3.888 48.595 48.595 Cd 0.900 -0.319 -0.220
2 2.101 26.263 74.857 2.101 26.263 74.857 Cr 0.707  0.559 0.165
3 1.263 15.789 90.647 1.263 15.789 90.647 Cu 0.724  0.606 -0.197
4 0.463 5.792 96.439 Hg 0.580  0.130 -0.719
5 0.186 2.328 98.767 Mn 0.569  0.702 0.373
6 0.067 0.837 99.603 Ni 0.694 -0.677 0.118
7 0.025 0.308 99.911 Pb 0.809 -0.562 -0.006
8 0.007 0.089 100.000 Zn 0.508 -0.194 0.691

3 4512 ( Conclusion)

(1) A X 7 e T 1] 3k V) Bt B H S 3 K B Ak 24 2 AR 43 B A5 0, 78 T8 10 S [ X 35K B b 24 S L A7
FERR G 1) 22 S L T R 4 5 RAE SR K AR 2R 2RISR Na®-Mg™ -Cl-HCOy; , HE Wiz £ 7] 58 372 2]
T NS B 52

(2) BB Mn 28 R 7 55 RAE S0 A 6 R K BRAEL; DR B) Bt /K vh 45 36 4 7 5 I 0 g
F LAK, Hod Ph Mn 8 58 ST G W) 1 SR 27K 0T i o e R R M U B 5 R P 56 1 A8 28 0 & 1Y)
() B K bR oE B M B (IWCTU ) X [RIBRK SHEA T R PR I PFER, 2 B 43 RAE S AP AE T 48 Zn Pb B /KK
BEPE XU

)BT P &P E 4R S a5 S E VT A, T DLE I P 4 TR AR A AR A T
7 e S A RAF AN

(4) XF 4 J8 7F_ LB K- UK -DUR S T i (P8 & B0, B4 8 R B T ORI T X R 48
FEUURRY) - LK 53 L R B M, 45 SR 32 R [ 8 4 8 A2 PRI A 5 h 19 43 e RBUR AN ], 3X T R
& B AEKAR A AR AT A5 O 5 X 8 4 i 7 L B /K - (B B /K -0 RR A = 28 B A AR DG B 2 1o BT, &
BRI BK FTTARY) h Ph  Cd FE7E B & ARG TR Pb (Cd \Hg \Ni ,Cu ,Cr 7E55— E o B A K&
AT, U BH B JLFPEE 4 i A AR R, 5 2 DX 1 R 16 2l A 2 DI G 2R
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