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Effects of polluted ice thawing on water quality in cold area
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Abstract: Taking the pollution incident in the Songhua River as an example, the experiments of pollutant distribution in ice and

water phases were performed to determine that the nitrobenzene concentration under icing conditions is 6.2 to 13. 4% of that in

the original water samples. On the basis, the developed hydrodynamics and water quality model during the icebound season was

applied, which suggested that nitrobenzene concentration increases by 0. 02 to 0.025 ug/ L in the 2. 5km long main stream of

the Songhua River due to the effects of nitrobenzene from ice melting. Furthermore, it showed that nitrobenzene concentration

increases by a maximum value of 12.5 ug/ L. caused by the ice melting in Tongjiang section in the end of the Songhua River,

which would not affect water quality significantly. The water quality simulation based on the experiments of pollutant distribu

tion in ice and w ater phases can analyze the secondary pollution problems caused by polluted ice melting in cld regions simply

and quickly.

Key words: icebound season; hydrodynamics and water quality model; polluted ice; ice melting; secondary pollution
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Fig. 1 Flowchart of the experiment

of nitrobenzene in ice and water phases
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Fig.2  Schematic diagram of pollutants from ice melting into the river
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Fig.3 The study area
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Tab. 1 Detected nitrobenzene contents

in the original water,aqueous phase, and ice phase
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T L /(mge L") Jml /(mg'Ll)/nrlL /(mg* L) n

1 200 0.39 175 0. 93 225 0.034 0. 087

2 200 0. 37 180 0. 650 220 0. 040 0. 108

3200 0.33 200 0. 533 200 0. 040 0.121

4 200 0.32 160 0. 590 240 0.043 0.134

5 200 0.29 175 0. 537 225 0.018 0. 062

6 200 0.27 180 0. 491 220 0. 027 0. 100
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Fig. 4 Simulation results of nitrobenzene concentration variations at the

section in the distance of 2.5 km downstream of Sujiatun section
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Water chemical ions and heavy metal characteristics of water and sediment in Beijing section of Wenyu River

WANG He, GU Hong biao, CHI Bao- ming, LI Hat jun, ZHOU Jing wei, JJANg Hat ning
(Institute of Disaster of Prevention, Sanhe 065201, China)
Abstract: On the basis of data analysis of water environmental quality in Wenyu River from 1980 to 2010, t he ion characteristics,
water quality variation trend, and the correlation betw een water and sediment w ere analyzed through field sampling. The results
showed that( 1) Na*,Ca®*, K*, and HCO;™ contents are higher in 2013 compared to those from 1980 to 2006, while CI" and
SO 4% contents are lower in 2013 and M g* content is relatively stable in the Wenyu River; (2) water chemistry type varies from
C™1I to CYI, indicating an increasing trend of salinity and alkaline; (3) NH,*- N and nitrates are the main pollutants in the We
nyu River and its tributary. Although the over standard ratio decreases over the years, it is still in the range of 2 to 7;(4) only
Cr and Cd of the heavy metal in the sediment have the cumulative index betw een 0 and 1, which indicates that the sediment pok
lution level is light; and(5) water and pollutants in the sediment have significant correlations in the Wenyu River, such that
NH "~ N and nitrate show positive correlations with Cr and Pb whereas Cd and As show negative correlations with Cr and Pb,
and the correlation with Pb is the strongest.

Key words: W enyu River; water and sediment; w ater environment quality; heavy metal
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Fig. 1 T he basic characteristics of

Wenyu River and location of sampling sites
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C(HCO5™ )/2+ C(SO4* )+ C(CI') (1)
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BTN iAo 4 JE T Y . Z FRECR AR T E
xJm o3 A 1 H AR AR AR, 100 BT LAVE O N A B R Y
RO, 2 DX o0 NN TR S 5% (W B B S 4, ok JE A

l,.=log/ C/(1.5% B;)] (3)
P T 2 BRFREL AR 1 (00K, AT LK TR
B IVTRFELE 30 T AW, T o EH DY 11975 Gk P W
XL G NESERICER D AEUTRRY) TR 73 me/ kg) ; B,
RHUTRYh EA R TR T IR S (mg/ ke), AR IO
TR IIRR ) R 4 v YA SR AL T L A R T
fH( mg/ kg): Cd 24 0. 119 As 24 7.09.Cr 24 29.8.Pb 4y 24.6.
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Tab.1 Contamination degree corresponding to Geoaccumulation index

1o <0 >0~1 >1~2 >2~3 >3~4 >4~5 >5
& 0 1 2 3 4 5 6
WHRERE G B fmhfE thEE WSREE O SREE BRGRSE

2
2.1 RMrTAKALEE HEAE
2.1.1 AR TFHE

IKAA R A B9 725 1 B BB 3R A T /K JFURFAIE, A il 7K
B PR 2. 2013 SRR ML SR B+ 0 Na* ik
B AT B B TR ¥ 45, 39% ; AR T 0 HCOs ™, WREE &
MBS 7 =1 80. 01% . B 1 S (TDS) Ma /MEN
534. 99 mg/ L, i K1H 4 789. 83 mg/ L, *FI4{H 4 705. 17
mg/L, TDS Z RN, FBAE T BRI #5581 K
JEURIN o TS SCIIC N A, B BT LA (K TDS
3B M 661.79 mg/ L.739 54 mg/L % 20. 67 mg/L, HhiE
TR T RO, DRk, SR TR B VN, 5 B0k
B TDS KT b F B TDS. 3 2wl &1, I5 My Ui &%
BTERNAA, KT . S04> A7 R ¢ B, 4 5Hh
31. 2% .26 81%;Ca* M g> WAL R C, B/, 2 A
8 4% 7. 35% , LM R M K+ S0,2 SR
WA R, R Ca2 Mg & BISEMAE /I .
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Tab.2 Concentration results of each index inthe Wenyu River

pRifEZE RSRER

5 ROl RME PRI :
i H K wmME P S. D ¥ C,
TDS
.. 789.83 534.99  705.17 75.15 10. 66
/(mg* L)
pH 8.51 7.71 8. 04 0.24 2.96
DO
16. 4 .21 i 45.
/(mge 1) 6.36 3.48 8 3.76 5.8
P
OR 156.7 63.5 136.2 28.41 20. 86
/mV
EC
(s ) 1111 783 1004 34.18 3.4
2+
Me™ 2908 2430 26,97 .98  7.35
/(mg* L'
Caz+
. .84 1 .72 .4
/(mge Y 76.37  55.8 68. 10 5.7 8
Na* 99.47  71.94 90. 25 9.01 9.98
/(mge 11 . . . . .
K+
20. .61 13. 4.24 1.42
/(mge 11 0.57 8.6 3.50 3
HLO{_ 466.04 290.36  398.94 51.28 12. 85
/(mg* L)
el 84.14  49.70 69.23 12. 45 17.97
/(mge 11 . . . ) )
50427
47. 28. 42 1 26. 81
/(mge 11 7.76 8.56 30 8.16 6.8
Ba
. 0.107  0.058 0.073 0.015  20.37
/(mg* kg 1)
As C09.5% 103 3.0x 103 5.5% 103 2.34x 103 42.59
/(mg* kg 1)
Se 0 2.4%x 103 3.6x 104 1.18% 103 7.4x 103 63.06
/(mg* kg 1)
Cd
2% 105 1% 105 1.25% 105 4.33x 106 34.64
/(mg* kg 1)
Pb
5% 105 Ix 105 2.6x 105 1.32x 105 50.66
/(mg* kg 1)
Cr
. 0.017 0 5.38x 103 4.7x 103 88.22
/(mg* kg 1)

AT pH EIGE H 7 71~ 8 51, AR RN, A5
Bl K VAR DO RS AE 3 48~ 16 36 mg/ L, B 2009 £Eif
KT AR SR IR P AR ARV ] 2 7~ 11 mg/ LU Bd I, ik 3
THEZF IV LRI TR Ehrdk. WA b B g

3 1991

- 2013

UK IE R R, o6 B TR BRIV A #, 1 WEA  E BOK
FHKAE AR I B R AR AR BUE s RT3 T BT
FRAR BEMR A P Y] > HURT> S0, R v K A B 1R
JI R, I 3G o A T RS I AR JR HLAE ORP AR,
SR 63 5~ 1567 mV, M5 R EC M4 4k v H2h 783~
1 111 Hs/ m, B BRAR 7 A &S Sk o & sha UK, B Pk
B WK A § 8 EC 5 TDS M DO 28 FEM
KR T), R T MK A EC IR /NS TDS.DO ) m i
Z MAF{EE DI R .
212 AKUFXARFEEHEE

30 1991 4F- 2013 SRR & B 1R B KoKk AE
B 2 O HA b, CT .80, 2 REE#%, Na* . Ca®
K* \HCO,~ W8 FTF# %% Mg> J5 3% 484k; b Ca?r
I TDS A4k H AL, C1- Al SO, 1 A4k i AL, &8
TR & TDS H 620 mg/L A% 705 2 mg/ L. 2003 4F-
2013 4 CI \SO,2 & 5 Wid >, ui W T A 3] £635% 1k 1)
AR LA, BLJEK R R AL . FR B2 AT O, R AR
HAPIE T HCOs™, 2013 4E 4 8 8 FHn, 1994 4 -
2002 FEALHBA B T h Ca2 2003 4 LUG B W #45h LA Na*
9, H 2013 4F Nat i 28 b 7. DL 34BN 1 i A1k it
W S5 AR BH 5 Ak 2% A0y 1 E SR IN 3R, HR A A A AE
P g LAFE KA 29 £ . 2013 4E Nat \HCO;~ F i
Fy 2 R 00, 58 W S AR AT R A

F AT 2013 47 (K5 55 SOkt 5 A 1 A
2T Gibbs B rp, WLE 3( 555 VAT 28 7 20 51 FH SCik
[ 13], 1991 4F— 2006 43 M 20 4 51 FH SCHR[ 4], 2013 4R
A g A SR BTN ) o fl BT O, SR BT O AR
AR5 A6 B e A AH AT, L P 1991 4E- 2006 M2 2013 4
AN Na* /(Na* + 1/2Ca* ) LLAE 5 BIZE 0. 547~ 0. 687
Z IR 0. 716~ 0. 742 2 I8], CI / (Cl- + HCO5~ ) (LK 4>
SILE 0. 133~ 0.339 2 [ f10. 107~ 0. 180 Z[i]. 2013 %
1991- 4E 2006 fEAMIEL, Na* / (Na* + 1/ 2Ca2*) [f) ELAE 8K,
Cl"/(CI' + HCO;™ ) Iy LUfH 9>, TDS tH 575~ 678 mg/ L
AN 705. 2 mg/ L, Ui WAL KT BH & 5 5 2 K R Y
We), TG B S EAZAE A R AR Al A, AR R E
AW, CI & BRI TR e, B TR K EiE TS
KPR T A B A B 35 58 N Ay DR 35 0] il il 128 74 22 2 A
JIT I BRI T AN ] 2 AL

Tab 3 lon concentrations and water chemistry types of the Wenyu River from 1991 to 2013
4 WK (mg *» L) o Sk
Na+ Ca M g2+ K+ HCO;- Cl- S042- T DS
1991 75 75 31 7.5 300 50 65 620 cg [ 4]
1994 68 62 25 12 224 115 105 610 c§ [ 4]
1997 40 55 28 10 290 55 61 575 che [ 4]
2000 38 63 30 8 370 57 68 660 c§0 [ 4]
2003 68 63.5 27.5 18.5 325 95 70 673 ch [ 4]
2006 68.8 66.9 28.7 10.0 330.5 71.3 71.9 678.0 e [ 4]
2013 90.3 68. 1 26.9 13.5 398.9 69.2 30. 4 705.2 ce E'E

B T 2 RAE R A LR 3246, B AR A BEK LU
N PRIZE I 7K 1 A2 IO AL AT 0K 5. K it

SN, U BN, DT R K 06 P D, 38001 K
BT R BRI, TR . 35T I I
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2 1991- 2013
Fig.2 Variation trend of ion concentration

in the Wenyu River from 1991 to 2013

3 Gibbs 4.1
Fig. 3 Comparison of water quality characteristics betw een
the Wenyu River and other major rivers in the world using

the Gibbs graphical method!4-13
HUE K 2000 4R LOK 2 ETHEES, 1 2003 4~ 2013 4
Wi Ca* JK* VHCO;™ M & 2 W3 LA, bR
SEBG N A T T A A A IR R R T I, 1

c 670+ E£T5HE

HIE T B, e g it i, Tk R K . AE3E VS K R HERR L
FoA HIHE RS 2 N b R 25 SR R 2003 4E - 2013 4E 3 L2
L T B AR .
2.2 BN FTKIRSL R B AR
2.2.1 EEMATT Y

VAP AR B 25 B P e 3R B0 VT AR A AT 45 SR A% A 7K Bk
Ui, SR ILER 4. 2013 AEIRARIT A W DU Y 2 B T EE v
e, HEvb T B PR I, R BOKTOIRGL A G 4 A L
B N By YRR B ), Y8 by ) IR v Y R

4 2013
Tab.4 ater quality of the Wenyu River in 2013

KR it & P {4 371
WYO1 BV B 0. 854 T
WY 02 VPR B 2.06 EES
WYO03 A B 3.888 VR
WY 04 A B 4.255 ENCACES
WYO05 T 3.55 LR
WYO06 sl A B 4. 607 TR R
WYO07 ] 3.53 VR
WY08 TR B 4.3883 WG

1980 4F:— 2010 4l A il & ] FH YU 52 2y 5 4L, If
S v YT TR, V9 4 R K RO VI > SR > LA
T WA 2013 AFEAK TR S5 1980 4F- 2010 4F KR
B EG , b 7™ g YR T b E e G g, JUEL RS YR,
R EVR Kk, 2ok [ WIE LAE MRS 1615 5, BUIRYS
YRR BE AR R AT > 5> WUA . B2 5 AT4N, 1980 4E -
2013 AR K R E P TG - B BV g — P Vg -
TG PR T 2000 45— 2010 48, WA 0 35 T K 00 )

E R BOK BRI AE bR TR0 N B h feX &4 A
FRAy 9 IV BRIV ), 2008 4F, T kL1896 | Uy L
g K SR AR BRAE K 5 TR, W0 o T IR I AT K ER
BEE!, & 2013 R A R A K SZHM BN B KR C
WE R IV K. BUKEREE i A BT e, (R My 475 2 HE
75 HEWIE, 4RSI 0n TR A S & e

5 1980 - 2013
Tab.5 Water quality of the Wenyu River from 1980 to 2013
LA ] W]
Vaeyrs N
M T vm tm e tm ora o0
1980 iR HE OEE mEOME (2]
1990 B EE UE s [2]

2000  jFE OFE OPE O FHE FE PR [2]
2010  E FE OPE O PE O FE PR [2]
2013 EE O EE O EE O EE O EE OEE AL

2013 4E, i K SR 0 £ BB AR VS Y 08 NH, - N
FRSTR &L, th 2 6 w40, dEATIT NH 4" - N 25 FILA S M
YITAT T TR RO, #5520 NH . - N OB AR B0 IR i il >
WUT> B vb s AR B LR B NHL - N 430 8 12 550
mg/ L A1 13 939 mg/ L, F B NH, "~ N i bafis 80K + L B,
BT R B NHa ' = N 322252 35 ] L BT 25 7K U8 1) 5 5 VA



N

AT BRI T EERCFE T RELE T

0 B SO BR AR W R AL B 5 NH . - N A2 fb a5
L, SR TR B, S el M7 B, (RS Eh R
P NH, *- NS i 2 A A R £ W 5 | BOR T R B
S WU R ER R L AR A% B WG > 5 > F Vb, i
TR0 LT PR PR K 3 AT, 5 ) S TR KA e PR R %
SCHAME TRUR I AN o

6 2013
Tab.6 Concentrations and over standard ratios

of major pollutants in the Wenyu River in 2013

7T<$f—ﬁ o NH,*-N/(mg* L'!) R (mg* L)
G5 ' W HRREE R BRRE
WYO01 MY EE 0.404 - 0.798  5.59 - 0.441
WY02 MY E 5.412 2.796 18.94 1. 897
WY03 A BB 12.550 6.275 29.05 2.905
WY04 AT BB 10. 668 5.334  6.69 - 0.304
WY05 bR) 9.410 4.705 35.13 3.513
WY06 A B 11.681 5.841 11.02 1.102
WYO07 Wimp 8.798 4.399 46.73 4.673
WYO08 AT FB 13.393 6.697 19.44 1.944

4 24 1980 4F - 2013 4F A0 NH,* - N ¥ J& & {k,
1980 4 — 2010 4 i A ¥l b F Bt NH,* - N ¥k 3% i 7+ o,
82010 SEAHLE, 2013 4R A W) 1 T BENH - N 3K
HRUE &K, B 18 68~ 27 73 mg/L BERE 12 55~
13.93 mg/ L. HEEA WA, AN AT Sk DL 75 /K Ab2E
JHEAK g 32 BEAMAUR , 2B 4 S5 K AR B L 1 SR
J6/ANIT AL 5 K AR ERT) I HE K S22 A TR 24
BN 70% , HEZK 1 COD A1 NH 4+ - N [ A30] ¥5 42 41 faf
29 W N TG g A I 80% . & 2013 4R,
NH "= N ATy g AT J 4532 it 32 Zvs Jedly, s £ 408
FA, (HARSRTE 2~ 7 f53G A &

2.2.2 ERFAKRTELESE M

T R AR KRR T 4 8 B S I 5 SR AR 2. R

WK AAH Se. Cds PbyAs 5 1 /D, 945 & (it 3K B 55

5 2013

) (GB 3838- 2002) [ 1 2w fE; Ba 19 & & &, 0 £F G Hb
K U5 HRF T8 T % 7R BRAEL R Vb TR 3 T 30 DL R IR AR ]
B Cr B AT A 3R KR B B ED (GB 3838-
2002) (19 1 Z8hRHE ; i T~ B Cr 5 224 0. 017 mg/ L, 4
i TR KRB RN (GB 3838— 2002) Y T2 bRk, ImAn
WA B Cr & B 5 G (&8I0, i B o &=
AR A T, D DR T BE K 3 AN 48 SRR g i TS K
A B T WO R NAN . R 2 KRR E SR C,
AT H SRR K R RS 4 B R REUR K, 43 AV Bl
N 20 37% ~ 88 22%, Horp Cr AR S R BT, (RBL T LA
T DU 3 7K Oy 3 B 5 Y5 (R

4 1980 - 2013 NH4;*-N

Fig.4 Concentration changes of NH4*- N
in the Wenyu River from 1980 to 2013

2.2.3 BAARRGTESREEELNM

SRFH b 28 R i s o A o OB T & SR T YK P EAT
VRO, 45 R ILE 5. AT A h SR R AR SO0 A
Cr(- 0 33)>Cd(- 0 47)> As(- 1. 10)> Pb(- 2 78),Cr H
A2 BTG VI RV 4 B Er
3 Cd(0. 75)> Cr( 0 58)> As(-0 04) > Ph( - 2 33) .Cd(0 81)
> Cr(0 40)> As(—- 0 57) > Pb(- 1 66),Cd ¥4 EE B T
3o HHIE 5 AT iR KR R LR Pb. As 1) M BRER Y
INT 0, V5 QIR S5 Gk ToT5 9% AT B T B0 Cd
Cr (¥ SRR B0 4 0~ 1 Z 10, 15 Juk P R v 4, IR,
MR T Cd. Cr R 3 A B X6 42

Fig.5 Evaluation results of heavy metal pollution in the sediment of the wenyu River sediment in 2013
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2.3 RMIFTKARG AR E 20T fdhAR KT
2.3.1 KRG VAR My KA i A K T

7 R KA 5 TR Pearson AHIE R K. R
AL KR PR R 2 S B EC.TDS £ W& EMSE (P 50k
0. 939.0. 906) , 5 DO pH 2 5RIEAH (P 475k 0 765,
0. 661); KEPFHELE ORPEC 2+ 2530 5 1IEM] 55( P 251
H0 478.0 447), 5 TDS S rp ZmF M 5 (P A
-0.533), VISR S DO R IEA K (P N
0.796), 5 EC. pH.TDS 2 258 & F A & (P 2 5K
0. 565.0 51.0.505), 5 ORP 2 " 2538 & i/ 5 (P N
-0 486); PIRYP A S S BALIR bR AR E . U E
FTRA B, VA TR KA TORR I i 1 60 o5 AL R bR 1
WAV AR K, 7K AR S DU ) v il TR b S 1) PPAN RT LL&S A5 &
FAGER ¢ AR . 4R AWE T, U8 VDI A7 AR AT AR A
IR TR B A0 R A IR, 3t A AR T K A A IR AR B
MR, a2 gt B 0 eh R A S 175 BT O B 32 K
P ARy R (R B, ) RS R S 075 SV 0 B 3 AR K A v
(T
2.3.2 KAEREHRY+H ELRBEHAELKE

3 7 740, ORP 5K 4kt Ph 2 B MM (P KA
- 0.953), 5 Cr 2MAAHIR(P -0 793), 55 As HHRIEH

7

(P 0 741, e B A ebr b ixX 3 Fh E AR S o EU
A PESAS B2, B0 ORP 57K 4K 1 Ph. A s, Cr F 431 4 1)
AHZE, o] A HE ORP 1) 43 A KA IX 3 Fh T4 J@ b AT V5 4
PEY; ORP S5yifiyh Ph 28 FH WA (P - 0.928), 5
Cr BRI P - 0 647), pH 5T Cd & 5
(P - 0654), SHNIEHFE 5 As AKX P A B, ¥
WA Wb Pb.Cr 53452 2] T ORP 52, Cd 404152
FIT pH 5 m. Bk, ST Phy Cr 5 & I075 4 W0
MNEEE X ORP HIVEMY, X Cd % S I075 Y PF th . 454 % pH
VAR o

WM KA SRR As REAAR(P H- 0 608),
Cd 2HEEAMI(P H- 0459), Pb.Cr 2 IEME, H Pb 2
BETEHIEP N 0.972), Cr T HETEMIE(P 0 414 .
N A K FR R, SR IAEAT A EE R e S T
P/ AH 5 N A, 48 230 20475 5L 1 T AH v 1) 2 4 T 5 B EK
AR 3~ 4, FE 5 AEEE o RS R T 4 TR T,
R AR TR PR K A rh G IR i 0GR Al I
S VR EL R SR R R 3~ 5 AR, B
B, Forh Pb ARG B3 . DR, X AR i
KA G R T YRR IRV A, BEEE S5 K A &, R
RN AL7 Ll

Pearson

Tab.7 Pearson correlation coefficients between water and pollutants in the sediment of the Wenyu River

KA

IR

i H

pH TDS DO ORP EC J§f&ih A&

cd Pb As Cr iR &% Cd  Pb  As Cr

pH 1
TDS -0.535 1

DO  0.377-0.870 1

ORP  0.169 -0.396-0.041 1|

EC  0.683 0.976" 0.829° 0.346 1

fg THMREE  0.661 0.906" 0.765 0.405 0.939" 1
A -0.183-0.533 0.28 0.478 0.447 0.326 1
Cd  -0.003 0.199 -0.475 0.405 - 0.226 -0.418 0.103
Pb  -0.173 0.172 0.296-0.953**- 0. 166 -0.259 -0.347 -0.447 1
As  0.53 -0.415 0.087 0.741 0.405 0.342 0.07 0.636 -0.671 1
Cr  0.402 0.011 0.353 -0.793 0.097 0.094 -0.639 -0.51 0.782 -0.359 1
TR EE  0.51 -0.508 0.796 - 0.486 0.565 0.565 -0.255-0.668 0.611 -0.185 0.835° 1
. AZ -0.351-0.243 0.233 -0.103 0.207 0.14 0.768 -0.359 0.159 -0.566 -0.21 0.002 1
:; Cd  -0.654 0.224 -0.008 - 0.514-0.268 -0.29 0.355 -0.459 0.511-0.897 0.031 0.001 0.831* 1
% Pb  -0.122 0.115 0.294-0.928 - 0.097 -0.254 -0.207 -0.335 0. 972% -0.636 0.728 0.564 0.266 0.542 1

As 0.109 -0.313 0.366 -0.306 0.389 0.401

0.402 -0.67 0.302 -0.608 0.27

0.426 0.804 0.652 0.377 1

Cr -0.118-0.055 0.259 -0.647 0.107 0.025 0.264 -0.543 0.641 -0.789 0.414 0.403 0.779 0.819" 0.7260.883 1

T 7R 0.05 ORI B 525 A% o+ 720, 01 ZKF(C0UM) 22,

3

(1) 2013 45 3 A 7T &% 25 77 & 5% 1980 4F - 2006 44
b, Ca* \Na* . K* #ll HCO;~ & & & LA % m Mg |
SO.> MICE ST B, KM h ikl
CNeL, 0 Ph B 1 K I a3 . 1980 4E— 2006 4F SR A T L 4 BH
BT Ca + Mg™  RABIE T HCOs™ 5201 3 4R Al 4R
FBHR T 0 Na* + K ARABI T 0 HCOs™ , Ui WA I 11

c 672 KT ETE®

BT A R A B PR AR g R R A AR 2 K
A, TR AN ] 20N Ay DR 22 S T 7K s 3 6 5 )

(2) 1980 - 2013 4= AT Ik 1) 7K R 5% 50 S I 2 ¥
ARRRIE E O K INEE A D) TG - BE Y- PE
Yo FEEVS RO R . & 2013 4, IR M 3 I 300 DA
BT R BOK R QRS TV 20K, B brvs 9 h
FAAMTEEE . 1980 45— 2010 FEIE Myin . i 7 K U] ¥5 4L
FRPE g i) > ) > dR R, BRUR Y5 Y R EE A R KT > v ]



T RE BRTALEBEAERBARAT EZAMLFETRELBHT

> W, Forh g YRR A B AR K o, BRI IE
JUEM BTG %,

(3) T MIFT K AK T Se. CdPb As M 34 245 &€ H %k
IREE D (GB 3838- 2002) 19 1 ZSAR¥E, WhAmi = Bk
Cr FIVR R T € K FRBE D ( GB 3838 2002) 1 128
Pt o WA BT B U R Crs Cd 1R L B R
BOYTE 0~ 1 Z[0), V54K R iR BV G, Cr 1 Cd kA o
YUY B4 o B i %

(4) WA K A 5 0 AR 3 TS S0 A OC I 2, A
FCAHIR #h B S Cr\Pb 2 35 IEAHOG, CdyAs B B AR,
Forh Ph ARG B 1B 25, AHOG PEFR £ P ik 0. 972,
MRl PUAR A v B 4 ) I e KR T 3~ 5 AN B, N
T ] 4 SR T G TSI PR, BE B KA R i,
N E ARG i
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T X A Sk e K AR AR e A0 A 48 et 2 P K R 98 AR AR A e A T e G Tz L XA i K R AR A s R )y
SR AR AR 25 AH ECRE S IR 55 10 30 717 4 9 B85 R AR A SL IR T S 800 e T i BUK K B 77 A . IREE X b4 &
AMA KT K G B TR S o 3 I AR SCIAIE S R BLSE I A\ Hb K DA PR T K 9 IR LR, I ok
Tith = g S G b 36 S 905 A T R K O (K R AR SR LB e S HE

s DR T T B K K B T A NSS4y AR AHTLAE A
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Analysis of characteristics of urban water disasters in Jinan
SHI Lr hua, HAN Mei, ZHANG Cui
(College of Pop ulatior Resource and Environment, Shandong Normal University, Jinan 250014, China)

Abstract: With the rapid urbanization in China, wealth and information are gathering in the cities, which also leads to the increas
ing of urban water disasters and loss of disasters. The occurrence of urban water disasters is caused by the interaction betw een
human social system and natural ecosystems, and is the result of the combined effects of various factors. In this paper, the char
acteristics of precipitation, t opography, and hydrology in urban water disasters of Jinan City were analyzed using the percentile
method and R/S analysis method. The results showed that the number of extreme precipitation events and the frequency of rair
storm are consistent with the urbanization trend, the time when urban w ater disasters occur is consistent with the period of time
when rainstorm appears mostly, and the future trend of precipitation has the possibility of a continuation of the overall trend of
precipitation in the past years. The fragile environment of developing hazards caused by the interactions between human land use
patterns and natural ecosystems in the southern mountains and urban water systems combined with fragile hazard bearing
bodies lead to urban water disasters. M eanw hile, five suggestions were proposed according to the flood control and prevention
experience in other countries. The research can provide a better understanding of the formation mechanism of urban water disas
ters, which can then offer theoretical support for the prevention of the occurrence of urban water disasters.

Key words: Jinan; urban water disasters; precipitation; urbanization; human society; nature; interaction
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B - R R A K R E AR 2 AT

[EaB S AN 5 2 v 7 N <1 N a1 L N L N
o 1982 47 A 23 H HAK IR K U F 1 A AEAE AT = 3
PR 358 7174 SR X K K F AN )T LU ) AR G K K 3, 1Kt
SRR K E M B . T KK E I E RN
5 B B TR AR P KK S, sBUR TS A KR
BRI, W BUK K TR 23 K BN RSN AR, AT LA
MARUKKEMEEET ARHERGEE ARES RGN
FAE R, 0TI B K 9 10 B T 25 AN IR R 4 S VR I 45
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Fig.1 Regional overview of Jinan City
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Fig.2 Comparison of increasing rate of annual

precipitation and urbanization rate in Jinan from 1992 to 2012
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precipitation days ( 2 0.1 mm) in Jinan from 2001 to 2012
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