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1.1 WRE#HR
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FH e SRR - T TR s - B L €5 e e 5 T 4 TR OT R R R E 40— R 5 i AL B SR A A H RS A 4
B TR 5 L (ICP/MS, Agilent 7500cx B #E47T I 2 . W 5 2 A2 o 43 BT B0 R 359 S 1 G 4, oK o v 4l K
ALK 38 s B DT BR AR i Ak B R i o AR R AT RE A A BT Y O s 0 RE 2 BT A 5 B I A B AR E
A0 2 . 7 4 J8 S A7 B ) R X 15 25 <T5 %0, bR Ul 9 LI R R 80 %0 ~ 120 %, HARMNK I vk 2 % SCHk[ 16,
18,217.
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A3 2R F 2565 15 Y 48 B0 RIS Gl 8 006 0 3 13T 5 A 5 A TR o IR B 2R AT VT AL R T IR M T
] s AN ) DX 35 - SR DU R R 05 1 A 22 S A R, D I IR BT R 8 B0 R W A EE E S D) R B A
1) EE 4 S A LB S AR AR W T b i 4 JE A AILBT T B v AR i I K 2 R e A BR 5 R g R R &
i 1 & F U G PP 8 w0 e BRCRRAY b B 5| A S5 I 20 A 285 XU %808 19 0.55.,0.60 mg = g ' 43 il A
Ry S RURI S R VT B o AR AR S ) PEAN s o T S DO AR 1 ¥ e A8 B £E G TS G AR A Hoh s G AR BUN
TP B — V5 Je I 19 75 JORBL (D 20 L 285 8 BOH TR 275 B4 I F 1 28 575 G R 30 ((2) 20 L PR 41 25
B 15 Y45 B B Xof Yy T8 T AR 0 B e R 0 R AT R DE A TR AR A A U 1 2 L SR (24 .
P, =C,/C.,, (D

P =21 (W, XP), (2)
:EEEP:PI!ﬂv‘EQ%?Eﬁ;C, RO 5 g A 0 B SEIIE , mg « kg ' Co o B K+ @ FEDURR W) Hh i Ar o
HE TR MH  mg « kg ' Py NEEA TS RIEEGW, 5 7 AL , A58 A S BT TS G T Y
FCELIREIE R 1/ nsn R FTA 2 53F0 8975 44 54

£1 NRYTRIHHRE

Tab. 1 Classification of pollution assessment for sediment

P, <0.5 [0.5,1.0) [1.0,1.5) [1.5.2.0) =20
15 e i T A7 R LEREEC G g EREE

2 #ZRE5iTR

2.1 RARYTRIEN
SRR TSR AR BOL VRO 45 2R (LA 2) 3%

1 T T 4 R B 4 1 . -
% 7.60~15.25, ¥ 4b T % 15 e R 4.5 4 o
FAL ST 255 75 G 48 Bl LA T G \ orb

i 00 05 L S3 445 5 15 Y AR BOR AT = o
b F T YIRS 5 B PR S T : B
16 B TR AR AT 2 A S5 R R WL 25 S . @ cu

T 46 2 2 T BB TR 280K B
i HL U R FE 88.23 %6 ~98.52%,9 S 1T 4R

prfr, Cd Y BT RR R 35 fe s (56, 2700 ~

73.56 %0) , Kk Ky Zn(4.73% ~22.25%) ,Cr R4

HY BLRR A HE AR5 3 f32.(6.1206~8.0800). iz SRR R S R

22 EF#H Fig.2 The results of pollution index in Qingyi river sediment

2.2.1 EFIBCRSHT
R A T B BOK AL &, 2012 — 2016 4R B T JF R T 38 P i UK A B 25 A B ih AT 8. LAk
PR [0) J5U12 W A0 7K 5 55 7K 96 TR DL R AR i 388 ek 0 DX R 40 B 0 S it R TS e s 0 e A TR TS e 6 e )
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I BGE RN 0.13 06 ~6.84 06 . P2 ittt 73 80N 3.56 V6. & ke B AL ST AL, A i S AR AY O S2 s AT
PUB & A 2R AT E RIZ TR P B A S BN 0.02~1.08 mg » g ', FHIEEHF0.72 mg g ' &
AR AR PRI, i e 1 B ST R B IR AL S2 Y 54 5 22 AT I B R R UTRR ) P B8k S i B
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0.61~251mg+g " FHFEN1L.7T mg g " HEASTEBH WS EABE S &R A SRR ST A
f7(2.52 mg « g ") REARA SN S2 507 (0.61 mg - g ).

BT UL EEAEX 2017 AE BRI R A HLET SR BB ER AR AT T e BT A5 R LR 2 AL T
RGN 0.10~5.30 5 MA V5 Y5 50T BN 0.04~1.96 5 BB 075 YL Fe STU BN 1.02~4.20. N8 45k B
SVETG YL DUAE X B E L PRS2 AN EAY 4 AN ALY N FE S Y RO A AL E TS Y S A 3 3 AL 4
g S1,S3 Ko Sa s i & WY LA X #4F . S1,S3,S4 Sy rhig g, S5 e i5 Y, S2 i il N S AL EORFE , £ T8 5
75 Yu R B R AR — 30, & ST sl Wk FE TS Je f ™ 5, ROl S3 S S4, S5 AHXT 8058, S2 i v DA 3 5+
G YR R .

i

K2 EFRHXSLEEH

Tab. 2 The pollution index of nutrient salt

R S1 S2 S3 S4 S5 FHE R S1 S2 S3 S4 S5
HHLE 5.30 0.10 3.20 3.91 1.27 B 4.20 1.02 3.41 3.36 2.72
MR 1.96 0.04 1.76 1.77 1.01
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Fig.3 The distribution of organic matter in sediment Fig.4 The distribution of total nitrogen in sediment
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2.2.3 TR RIE SR T

HMIG N S UK R B S SR A BN T ORI A S A R XK AR 3R A B S SRS
A H AN ZAL R Y TR KR RO R W R L R AR E T R AR SR
AR VOB A — R ST A BB I K A2 SRR h e S 5 A8 e i AR 9 mT R R L O T
LW B IRAFIE A, oo i 5 L /Kb AU & 56 R Bk 3 Y0, FLRAE 5 iy DURR A 1h) 1 8 K M R i 1Y
HRAE 2 X F AR UL B TR AT AS e A A, B T 382 L 59 198 T 48 U L Al ] 482 U DA R iR 48 Ak 3R ]
FEWCS A I 0 WA R R BT % A 2 R0 6 T AT 4% S TE AR v O [RD B 2 08 R A I A3 B 245 SR L
F3TE 5 AN ST M B TR RS A SRR A8 0377 mg e g L HA AN ENE T RBRSASE
HRARAR 2, BRBEHT ST UOAR Y v i 5 280 1l KR b B RS TS K5 A A T ST g 7 T 7% A6 38 AR X 5 i 3
.0 0.977 mg « g 'Ll S2 AL EAK U 0.019 mg - g .

*3 SAEABYUBHSEINER

Tab. 3 Results of morphological nitrogen analysis in each section mg - g !
AL SR
RAE R BA AAEA SR
BT RHER EEI IR e SRR AT PR S A S AL AT ER RS R Hit
S1 1.08 0.377 0.014 0.145 0.442 0.977 0.100
S2 0.02 0.003 0.010 0.005 0.001 0.019 0.004
S3 0.97 0.060 0.009 0.131 0.568 0.768 0.200
S4 0.97 0.024 0.011 0.201 0.518 0.754 0.220
S5 0.55 0.051 0.042 0.078 0.282 0.453 0.100

5 AN A B B A AT ) WL 6.S1 A i SR A S R A b SR, TR B 40,89 %0, KON B TS S A
(34.89 %), 5T S 55 19 71T 2 25 SRUAH X 2 20 L 23 501 13,40 %6 1 1.34 % . R AT SE AL 25 %04 9.30 %5 S2 55 /iR ]
PEMCSE T o UM e s oy 49.71 %6, FolR R 55 0 il SR IO 20, i 24.52 %, B F X R A S A S A A o
F ARG A L 20 3R 12.70 % F1 6,99 %, AT AL S R EH 43 el 20.00% 5 S3 M A AL B A =, 58 T
58.56 %0 R OEAS L B T A A K FF PR A Y H 4 L4k Bl 13.55%6.6.16 %6 F1 0.93% , AN AT AL R A 4 ek
20.60% 5S4 W Z SR EL SR E or il , o 53.43% SRS AN 20.68% . B F XA A MBS A T4 1L
FEXF A 4300 2.48 Y6 Fl 1.13 %0 s NPT B AL E A 43 bl 22.70 %05 S5 s AL S A A 4r by 51.24%,
SRR ECH 14.13 %0, B T 5 59 MR B US43 R 9.33 %0 M1 7.67 %6 s N EEALZS AW H 43 ol 18.20 %.

T B F 8BS A M S EE K& & i O R o B D), JLWAE & it Sy DR ) b K R R i
8 F AL PR LG G5 YT 2017 4 5 2012 AF ;S BT AR v B F 38 40 25 L& A HEA TR LGSR A BT DR T A Y
B Ol B L7 T, 5 2012 AR & S TR T B8 T A8 e A EUME 1L L 2017 AR5 S LA T 3 N R L UL
U R B PR AK.2012 A X B A M S B 0.52~2.38 mg » g ', AN 1.53 mg g '
2017 45 AL T ACH S AR & EE N 0.003~0.377 mg + g ' FBME 0,103 mg + g L2 2012 4R R
6.73 %045 B B T AC A A I T R FL ) 22 SR KL ST A 2012 AR B TS AR A B AE 5 A AP IR
I, 2017 42k 2012 4F 14 72.46 %0, 48 5 A s A 38 Bl e = 5 S2 s 2017 AR B TR S A S EALHR
0.003 mg * g ' 7E 5 DAL N AR AL IZ SN 2012 4E B T2 M B E M 0.31% , TR E 4N HLAE 5 4
SR B R

23 EgR
2.3.1 UL 4 JE o A BUIR
Xof Y TR AT 22 DUAR ) R 6 A B A R 00 (I 8) EAT M S5 R R 5 A AL TTAR Y P B R

FRIEE T 530.14~1 954,15 mg « kg ' &R & B fe o R R B A0 A ST K S3 A6 A A
JEFEARER Zn B S & B BUAE S4 mLALAN  HAY 5 AR ARG B s B8 1 BUAE ST 542, Cu, Zn, Cd, Ph 4
FEPR IR AR & 2 B S3 i1 AL . Cr S As I SRR 120 5 BUAE S5 M S2 mi Ak AR s A48 AR L BR
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S3 miAih Cr & f i Zo HESS 2 f74h, A i i3y Zn W& f i, ook Cr B/ 9 Zn B 43 LB L
38.61%~70.36% ;Cr (A 4 LLIE 2 28.54 %6 ~53.26 %%.

Xof Vi YT A 2R R DURR ) v 4 Jm AT VS QR BT GR O SRR ] R E Aok UL, Cd 1Y 15 Y 48 OH
XF Bt s JW LA 50.72~90.81,5 A G G G4 HR Oy Zn, 35 48 B H y 3.28~20.87 , I K H IS
Yo Cr M5 Y8 BTN 4.47~8.82 W N {5 Y4 s Pb AL ST 5 A7 N E 5 Y , HiAx w5 00 15 YL 7 i A X 5 %
Cu M As TE45 mi AT Ye A% B2 A X #5055 A B 75 G i s AL g s R 136, 5 A ALY Cd s Zn, Cr ¥3K 31 H 5 G
FERE, H ST #5548 BOM X fie o o V5 e A B fe 1, U4 S1 4007 Ph 8 bR T4 Yo R BE o0 3575 Y. R A R Uk S1
JEETE YRR e NPT, 4% S AR CdLZn B Cr 385 R 555 Ye 48 4.
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Fig. 6 Content of nitrogen forms in surface sediments I'ig. 7 Contents of ion exchangeable nitrogen
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Fig.8 Heavy metal detection results in 2017 Fig.9 The percentage distribution of heavy metals
k4 TRAYPESETLEEH
Tab. 4 The pollution index of heavy metals in sediment
REESH Cu Pb Zn Cr Cd As SRAE A Cu Pb Zn Cr Cd As
S1 1.70 2.52 20.53 8.82 90.81 1.79 S4 1.05 1.52  20.87 7.58 52.78 1.24
S2 0.83 1.42 13.27 5.67 55.04 1.13 S5 0.58 0.95 8.42 4.94 59.38 1.54
S3 0.40 0.81 3.28 4.47 50.72 1.40 T/ (mge kg D 20.0 22.3 62.5 63.2  0.065 9.8

232 HER GRS

Xt 2017 4F K 2012 4F 5 4 )@ & AR AR AR I S HEAT 00T (B 10) 45 SRR WL BR T Cu 7E 2017 AR IS A T
RELLAN , Hox 5 R &)@ 2017 4R 5 2012 4R M L & i 39 r B, Cr, Zn, Cd M Pb & i AR K As &
i b TR EE AR XS BN 5 2012 4 5 A g A FE PRI B AR LE . 2017 4F Zn B9 & B TR R 3 2012 4R
BIME R 12.44 £ KR Cr  F & RN ERR 8.94 £5;Cd FIHBAL B35 N F R 7.87 fi5;Pb & As A XS
T 5 AL A R R 2012 4R 2.17 5 1.66 4% Cu 2 N RS AN ST E Y 2012 4F
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Fig. 10 The change tendency of heavy metal content in each sections

24 MBS EIERS
2.4.1 HHRMED B

XT3 ] I 3R 2 DU oA AL LBV SR S 6 R 4 B AT AR DG HE A3 BT (3R 5D LA R BVARL Bk &
ML 2 8 B A S R EII KT 0.9, HA VLU S B A X EBBEAE 0.05 AP bW EM K, BARS BB 0.01
A B AR OG, U T A AL M A BB R JEAR L6 P E A JE T, Cr 5 Cu,Zn, Pb W 2 [H] A9 A G HE R
BIHKT 0.8, HYEH CufE 0.0l KFLREMIAL, S Zn,Pb 7E 0.05 KF W EM L AN As 5 Cd ML R E
77 0.831,Cd 5 Pb MAHICHE RECH 0.873, 4R B IR A AR SC M L I It R B 6 b i 4 8 B A R R M 5l
T EAA TS A DL S A S S 5 25 A R 2 TR % AH O R B A X AR, BTG 0 A DG B o3 A
ERITR H5AMLET B A S B A R TR

X IE AT 3 3R R DU Y Hh R 1 04T A o B L S5 SR LR 6L AR AR RRAE(E > 1 1Y E R A
24 BT oTEk Ik 97.595 Y0 . RIXS AT PG AN B4 647 43 B BRI AR R 6 Fh HE 4 0@ 1 % & SRR AR A5 B il 3 LA i
FERTAD CroCusZn, Pb 2RIRF—275 5. As I Cd 2RIR T o5 — M5 4 (& D).
2.4.2 5ROk

TH AR IR BT B9 95T He 98 T U R R AR BB TG KA B A M Al B R K S 28 4K I ] 1Y
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Ui S BOURY A LB R
T Al 5 PR HE AT T G Wy D TR O X Tl s IR A R e COD i R R HE A7 BBk, I 368 07 38 3447 1 94
Bf DURGE R AR S R Tt . R S 2012 ARARLE , DUARY TP LT L 8 R W DL I B 1 A A
AT ORE LR R B DU B SR TR

A b T 4 S O B T 2013 AR DR VR B T BE R BRI R R 0 R Y

x5 MRAYPRITEEXELSTER
Tab. 5 Correlation analysis results of individual elements in surface sediments
TiH AL A B Cr Cu Zn As Cd Pb
A HLB 1.000
A 0.938”" 1.000
)80 0.938* 0.978* 1.000
Cr 0.704 0.446 0.493 1.000
Cu 0.630 0.341 0.429 0.968 " * 1.000
Zn 0.472 0.211 0.234 0.938" 0.874 1.000
As 0.611 0.582 0.736 0.395 0.499 0.113 1.000
Cd 0.582 0.362 0.518 0.732 0.857 0.521 0.831 1.000
Pb 0.598 0.295 0.385 0.939~ 0.993 "~ 0.832 0.494 0.873 1.000
T AE 0.05 KU b @ ARSE; > #E 0.01 7K U [ & F A,
*k6 NAMEEENENS
Tab. 6 Principal component analysis of heavy metal concentrations in the channel sediment
o ) U REAE EL PRI T FEA
it T2/ % 2B/ % it F 2/ % F2R/%
1 4.721 78.679 78.679 4.721 78.679 78.679
2 1.135 18.917 97.595 1.135 18.917 97.595
3 0.122 2.031 99.626
4 0.022 0.374 100.000
5 2.347E-16 3.911E-15 100.000
6 —2.334E-16 —3.890E-15 100.000
RT EMDTBTIER
Tab. 7 The component matris of principal component analysis
A3 HE iR & 4 R I Y HE i@ e J 4 L I
1 2 1 2 1 2 1 2
Cr 0.96 —0.25 0.94 0.30 As 0.59 0.79 0.09 0.98
Cu 0.99 —0.10 0.90 0.44 Cd 0.90 0.42 0.54 0.83
Zn 0.84 —0.52 0.99 0.00 Pb 0.98 —0.07 0.87 0.46

DU v B 45 10 R I8 — AT 0y F AR IR AT A . A AR IR 2R A TA A A4 A AR Bk e i 7
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Temporal and spatial changes in sediment nutrients and
heavy metals of Qingyi River of Xuchang city

Ge Simin, Li Xue, Liu Chengyou, Li Yang, Qiao Xiaocui

(Chinese Research Academy of Environmental Sciences, Beijing 100012, China)

Abstract: To evaluate the improvement of water environment after the treatment of heavily polluted river, the temporal
and spatial changes in sediment nutrients and heavy metals were analyzed by taking Qingyi River in Xuchang City as an exam-
ple. The results indicated that the comprehensive pollution index of surface sediments in 5 sections ranged from 7.69 to 15.25,
which all belonging to heavy pollution grade. The minimum value in 2017 is 1.6 times compared with the maximum value in
2012. The content of heavy metals in each section increased significantly compared with 2012, the content of Zn is 12.44 times
compared with 2012 while the concentration of nutrient salts decreased obviously, and the average concentration of total nitro-
gen and total phosphorus was 13.98% and 5.68% respectively compared with 2012. According to the results of morphological
nitrogen analysis, the content of ion exchangeable nitrogen is only 6.73% of 2012, and the risk of river sediment release is
greatly reduced. Discharged by many enterprises but not controlled effectively, the heavy metals in Qingyi River upstream
caused serious pollutions. According to heavy metal contamination in sediments, measures should be taken to regulate heavy
metal emission, and the heavy metals in the channel sediment should be treated and repaired.

Keywords: Qingyi River; sediment; nutrients; heavy metals; pollution assessment
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