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lit b b i ti Ni t d iti t i d l t l l l th V b f TN d th Cl IV b f TP di t th Chi St d dquality by urbanization Nine towns and cities at various development levels along the V or above for TN and the Class IV or above for TP according to the Chinese Standardsquality by urbanization Nine towns and cities at various development levels along the V or above for TN and the Class IV or above for TP according to the Chinese Standardsquality by urbanization. Nine towns and cities at various development levels along the V or above for TN and the Class IV or above for TP, according to the Chinese Standards.  qua ty by u ba at o . N e tow s a d c t es at va ous deve op e t eve s a o g t e , gq y y p g
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S f li i h b i f h G d C l i i d b b hSurface water quality in the urban sections of the Grand Canal was impaired by both Th N l di i th b ti h d l NO N i ti th i th i ltSurface water quality in the urban sections of the Grand Canal was impaired by both The N loadings in the urban sections had lower NO - N in proportion than in the agricultureSurface water quality in the urban sections of the Grand Canal was impaired by both The N loadings in the urban sections had lower NO -N in proportion than in the agricultureSurface water quality in the urban sections of the Grand Canal was impaired by both The N loadings in the urban sections had lower NO3 -N in proportion than in the agricultureq y p y The N loadings in the urban sections had lower NO3 N in proportion than in the agriculture 
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e trophic agents and metals Altho gh metals most remained at concentrations i i f NO N NH + N i f 0 76 (SC 2) 5 68 (SC 1) ieutrophic agents and metals Although metals most remained at concentrations section ratio of NO - N to NH + N ranging from 0 76 (SC 2) to 5 68 (SC 1) in contrast toeutrophic agents and metals. Although metals most remained at concentrations section ratio of NO --N to NH +-N ranging from 0 76 (SC-2) to 5 68 (SC-1) in contrast toeutrophic agents and metals. Although metals most remained at concentrations section, ratio of NO3 -N to NH4 -N ranging from 0.76 (SC-2) to 5.68 (SC-1) in contrast top g g section, ratio of NO3 N to NH4 N ranging from 0.76 (SC 2) to 5.68 (SC 1) in contrast to , 3 4 g g ( ) ( )

i ibl t th Chi N ti l E i t l St d d f S f W t Q lit f h i l i i i h ff l ( )permissible to the Chinese National Environmental Standard for Surface Water Quality 8 06 f th i lt ti i t ith G ff t l (2004)permissible to the Chinese National Environmental Standard for Surface Water Quality Cl ifi ti f f t lit f b ti i th G d C l di t th Chi 8 06 of the agriculture section in an agreement with Groffman et al (2004)permissible to the Chinese National Environmental Standard for Surface Water Quality , Classification for surface water quality of urban sections in the Grand Canal according to the Chinese 8 06 of the agriculture section in an agreement with Groffman et al (2004)p Q y , Classification for surface water quality of urban sections in the Grand Canal according to the Chinese 8.06 of the agriculture section, in an agreement with Groffman et al. (2004). q y g g , g ( )
th t ti d i ti f t l i th b C l ld b l t d t l l National Environmental Standards for Surface Water Qualitythe concentration and speciation of metals in the urban Canal could be related to local National Environmental Standards for Surface Water Qualitythe concentration and speciation of metals in the urban Canal could be related to local National Environmental Standards for Surface Water Quality

Th i ti t d b ti f th C l ti l t hi b d TP (ththe concentration and speciation of metals in the urban Canal could be related to local The investigated urban sections of the Canal were entirely eutrophic based on TP (thet e co ce t at o a d spec at o o eta s t e u ba Ca a cou d be e ated to oca
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quality parameters in a descendent order of conductivity > nutrients > metals This study pH I I I I I I I I I I 6.0~9.0 6.5~9.0
l ifi i f hi f f h ( dd l )quality parameters in a descendent order of conductivity > nutrients > metals This study p
l ifi ti f t hi t t f f h t t (D dd t l 1998)quality parameters in a descendent order of conductivity > nutrients > metals. This study Ammonia II IV V V III >V V V >V III ≤1 0 classification of trophic states for freshwater streams (Dodds et al 1998)q y p y y Ammonia II IV V V III >V V V >V III ≤1.0 classification of trophic states for freshwater streams (Dodds et al 1998)≤ classification of trophic states for freshwater streams (Dodds et al., 1998).
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suggests that significant mitigation strategies are required for the Grand Canal of China Total N >V >V >V >V >V >V >V >V >V >V ≤1.0suggests that significant mitigation strategies are required for the Grand Canal of China ≤suggests that significant mitigation strategies are required for the Grand Canal of China Total P IV IV >V V IV V V >V V IV ≤0 2 (river) M t l i b ti f th C l l t d t l l i d t ti itgg g g g q Total P IV IV >V V IV V V >V V IV ≤0.2 (river) Metals in urban sections of the Canal related to local industry activity( ) Metals in urban sections of the Canal related to local industry activityf i bl b i i l Copper* I I I I I I I I I I 1000 9 0 Metals in urban sections of the Canal related to local industry activityfor a sustainable urbanization goal Copper* I I I I I I I I I I 1000 9.0 f y yfor a sustainable urbanization goal pp f y yfor a sustainable urbanization goal. Zinc* II II II II II II II I II II 1000 120for a sustainable urbanization goal. Zinc* II II II II II II II I II II 1000 120
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M P NP NP NP P NP P NP NP P 0 1 rivers in Northern Greece (Simeonov et al., 2003), and greater than the Yeongsan River,q y p
Manganese P NP NP NP P NP P NP NP P 0 1 rivers in Northern Greece (Simeonov et al., 2003), and  greater than the Yeongsan River, 

d f i l i l d
Manganese P NP NP NP P NP P NP NP P 0.1 ( ) g g

t t d t t f t i l i l d
g
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h b i i h furbanization t l (US EPA 2006) F i t th T 3 l i ht b i i d b C 6+ SC 2The Urbanization The Surface Waterurbanization. metals (US EPA 2006) For instance the Town 3 canal might be impaired by Cr6+ ; SC 2Th i O C i l The Urbanization Th i O C i l The Surface Water metals (US EPA 2006) For instance the Town-3 canal might be impaired by Cr6 ; SC-2Their Own Canonical l C i l Their Own Canonical Q li C i l metals (US EPA, 2006).  For instance, the Town 3 canal might be impaired by Cr ; SC 2 Their Own Canonical Level Canonical Their Own Canonical Quality Canonical ( , ) , g p y ;
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V i blOBJECTIVES Thi t d b i ti l d th th d f f l i ht b ff t d b C d MC 3 d SC 2 l i ht b d t i t d b H
Variables Canonical Variables Variables Canonical VariablesOBJECTIVES: This study on urbanization processes employed the method of space for canal might be affected by Cu ; and MC 3 and SC 2 canals might be deteriorated by HgVariable Canonical Variables Variable Canonical VariablesOBJECTIVES: This study on urbanization processes employed the method of space-for- canal might be affected by Cu ; and MC-3 and SC-2 canals might be deteriorated by HgVariable R S Variable R SOBJECTIVES: This study on urbanization processes employed the method of space-for- canal might be affected by Cu ; and MC 3 and SC 2  canals might be deteriorated by Hg.
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i P itime substitutions A set of independent urbanized areas (3 countryside towns 2 Li ki f li i h G d C l h b i i l ltion Proportion tion Proportion tion Proportion tion Proportiontime substitutions A set of independent urbanized areas (3 countryside towns 2 Linking surface water quality in the Grand Canal to the urbanization leveltion Proportion tion Proportion tion Proportion tion Proportiontime substitutions. A set of independent urbanized areas (3 countryside towns, 2 Linking surface water quality in the Grand Canal to the urbanization levelp p p ptime substitutions. A set of independent urbanized areas (3 countryside towns, 2 Linking surface water quality in the Grand Canal to the urbanization levelp ( y , Linking surface water quality in the Grand Canal to the urbanization level 1 0 2435 0 2435 0 9951 0 2423 0 2423 1 0 1492 0 1492 0 9951 0 1485 0 1485
d l i i i d ll d l d i i ) i h h d l i h h

g f q y1 0.2435 0.2435 0.9951 0.2423 0.2423 1 0.1492 0.1492 0.9951 0.1485 0.1485
d l i iti d 4 ll d l d iti ) ith th G d C l i th hdeveloping cities and 4 well developed cities) with the Grand Canal running through h i i i i d i f ll i f d l l2 0 0693 0 3129 0 9584 0 0665 0 3088 2 0 0269 0 1762 0 9584 0 0258 0 1743developing cities and 4 well-developed cities) with the Grand Canal running through Th i i i ti d t ti f ll t t i f t d t l l2 0.0693 0.3129 0.9584 0.0665 0.3088 2 0.0269 0.1762 0.9584 0.0258 0.1743developing cities, and 4 well developed cities) with the  Grand Canal running through The origin speciation and concentration of pollutants in surface waters correspond to local3 0 0751 0 388 0 9492 0 0713 0 3801 3 0 1551 0 3313 0 9492 0 1472 0 3216

p g , p ) g g The origin speciation and concentration of pollutants in surface waters correspond to local3 0 0751 0 388 0 9492 0 0713 0 3801 3 0 1551 0 3313 0 9492 0 1472 0 3216 The origin, speciation, and concentration of pollutants in surface waters correspond to local 3 0.0751 0.388 0.9492 0.0713 0.3801 3 0.1551 0.3313 0.9492 0.1472 0.3216
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S d M l i l C l i B h S f W Q li d S d M l i l C l i B h U b i i L l d hrepresent an urbanization gradient We hypothesize that 1) the level of urbanization Squared Multiple Correlations Between the Surface Water Quality and Squared Multiple Correlations Between the Urbanization Level and therepresent an urbanization gradient We hypothesize that 1) the level of urbanization i t t i d t i l t t hi h d i t i l t b li i bSquared Multiple Correlations Between the Surface Water Quality and Squared Multiple Correlations Between the Urbanization Level and the represent an urbanization gradient. We hypothesize that 1) the level of urbanization economic structure or industrial structure which drives material metabolisms in urban areasq p Q y
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Fi M C i l V i bl f h S f W Q lip g yp ) economic structure or industrial structure which drives material metabolisms in urban areasthe First M Canonical Variables of the Urbanization Level First M Canonical Variables of the Surface Water Qualityg y economic structure or industrial structure which drives material metabolisms in urban areas the First M Canonical Variables of the Urbanization Level First M Canonical Variables of the Surface Water Quality

l f li i h b i f h C l d 2) f M 1 2 3 M 1 2 3relates to surface water quality in the urban sections of the Canal and 2) surface water M 1 2 3 M 1 2 3relates to surface water quality in the urban sections of the Canal and 2) surface water d d i i h h C f di i l i T 3
M 1 2 3 M 1 2 3relates to surface water quality in the urban sections of the Canal, and 2) surface water and determines waste constituents such as the excess Cr from traditional tannery in Town 3H 0 0021 0 3604 0 5319 T t l 0 0016 0 0087 0 2862relates to surface water quality in the urban sections of the Canal, and 2) surface water and determines waste constituents such as the excess Cr from traditional tannery in Town-3pH 0 0021 0 3604 0 5319 Total 0 0016 0 0087 0 2862q y , ) and determines waste constituents, such as the excess Cr from traditional tannery in Town-3,pH 0.0021 0.3604 0.5319 Total 0.0016 0.0087 0.2862
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P l tiDi l d 0 0000 0 0695 0 0889 N i lt 0 0783 0 0784 0 3095lit i ht b di tl fi i t d b l l i iti i d t
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PopulationDissolved oxygen 0 0000 0 0695 0 0889 Non-agriculture 0 0783 0 0784 0 3095quality might be directly fingerprinted by local economic composition or industry hi h C f li i d i SC 2 d d bl H f l l i MC 3Basic PopulationDissolved oxygen 0.0000 0.0695 0.0889 Non agriculture 0.0783 0.0784 0.3095quality might be directly fingerprinted by local economic composition or industry high C from rec cling ind str in SC 2 and detectable Hg from coal po er plants in MC 3Basic C d ti it 0 8776 0 8824 0 8863 U b i ti t 0 1565 0 2868 0 6983quality might be directly fingerprinted by local economic composition or industry high Cu from recycling industry in SC 2 and detectable Hg from coal power plants in MC 3Conductivity 0.8776 0.8824 0.8863 Urbanization rate 0.1565 0.2868 0.6983q y g y g p y p y high Cu from recycling industry in SC-2, and detectable Hg from coal power plants in MC-3property Conductivity 0.8776 0.8824 0.8863 Urbanization rate 0.1565 0.2868 0.6983 high Cu from recycling industry in SC 2, and detectable Hg from coal power plants in MC 3 property S li it 0 9745 0 9769 0 9786 T t l 0 0812 0 0865 0 2225t t
g y g y , g p pp p y Salinity 0.9745 0.9769 0.9786 Total 0.0812 0.0865 0.2225structure Salinity 0.9745 0.9769 0.9786 Total 0.0812 0.0865 0.2225structure d SC 2Chloride 0 8474 0 8493 0 8701 Primary 0 5296 0 5470 0 5927structure. and SC 2Chloride 0.8474 0.8493 0.8701 Primary 0.5296 0.5470 0.5927 and SC-2Chloride 0.8474 0.8493 0.8701 Primary 0.5296 0.5470 0.5927 and SC 2.  GDPOrganic C 0 0139 0 0191 0 0700 Secondary 0 0292 0 0333 0 1959GDPOrganic C 0.0139 0.0191 0.0700 Secondary 0.0292 0.0333 0.1959GDPOrganic C 0.0139 0.0191 0.0700 Secondary 0.0292 0.0333 0.1959

STUDY AREA Th h i f h G d C l h ld l i l NH + N 0 3193 0 6203 0 6217 Tertiary 0 1413 0 1472 0 2514STUDY AREA: The south section of the Grand Canal the world longest ancient canal Th GDP d it GDP f i i d t h d id bl l ti tNH4
+-N 0.3193 0.6203 0.6217 Tertiary 0.1413 0.1472 0.2514STUDY AREA: The south section of the Grand Canal the world longest ancient canal The GDP and per capita GDP from primary industry showed considerable correlation to4 ySTUDY AREA: The south section of the Grand Canal, the world longest ancient canal The GDP and per capita GDP from primary industry showed considerable correlation toDi l d NO - N 0 4372 0 4804 0 5309 Industry 0 0219 0 0248 0 1961STUDY AREA: The south section of the Grand Canal, the world longest ancient canal The GDP and per capita GDP from primary industry showed considerable correlation toDissolved NO3 -N 0.4372 0.4804 0.5309 Industry 0.0219 0.0248 0.1961, g The GDP and per capita GDP from primary industry showed considerable correlation to Dissolved 3 y
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