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TE . WAL (DOM) BB LR G br, LT MIBNS T E R IIGEA P S 2 Irm 2, o b ik R 4R
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Analysis of the Relationship Between Dissolved Organic Matter ( DOM ) and
Watershed Land-use Based on Three-dimensional Fluorescence-Parallel Factor

( EEM-PARAFAC) Analysis

LI Yun', WEI Hong-jie', WANG Kan', ZHANG Zhao-zhao’, YU Xu-biao' "
(1. Faculty of Architectural, Civil Engineering and Environment, Ningbo University, Ningbo 315211, China; 2. Department of
Geography & Spatial Information Techniques, Ningbo University, Ningbo 315211, China)

Abstract ; Dissolved organic matter (DOM) is a characteristic index of water quality, and reflects many factors, such as the economic
development and protection policies of watershed. In this study, surface water samples were collected from four watersheds with
different levels of urbanization in Ningbo. The DOM was analyzed using an excitation-emission matrix combined with parallel factor
analysis (EEM-PARAFAC) to explore the relationship between land-use and DOM. The results show that the urbanization level
affected both the amount and the composition of the DOM in the studied watersheds. The concentrations of DOM evaluated by dissolved
organic carbon (DOC) in urban areas (DOC =3. 18 mg-L™") and an urban-rural combined area (DOC =7.45 mg-L™") were much
higher than those in rural areas with low urbanization ( DOC between 2. 16 and 2. 62 mg-L™', ANOVA, P <0.001). A total of seven
PARAFAC components were identified in the studied watersheds, mainly including humic-like and protein-like substances. In the
highly urbanized area, DOM was mainly composed of humic-like substances, with a proportion of 61. 3% . However, the water samples
from the urban-rural combined area exhibited a high proportion (59.4% ) of protein-like substances, indicating a strong influence of
sewage and industrial discharge. In contrast, although the DOM amounts in rural areas were relatively low, the proportions of humus-
like substances were high, ranging from 63. 6% to 65. 7% . Agricultural non-point sources were the main contributor to DOM in these
areas. Moreover, the results suggest that the urbanization process could intensify the damage to the surface waters. At the initial stage
of urbanization (i.e., urban-rural combined area), contaminants are mainly discharged from sewage and industrial sources; when
urbanization reaches a certain level, e. g. , with a well-constructed sewage collection system, water contaminants originate more from
surface runoff rather than sewage. The results of this study suggest that the EEM-PARAFAC technique can provide semi-quantitative
source tracking of surface water, as well as an inexpensive and effective tool for policy makers to overcome the insensitivity of general
water quality indices.

Key words : urbanization ; water quality; source-tracking; sewage; watershed
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S DOM (145 44 FE 5T AT 38 2ok 56335 4 AR A7 Pk
ST, 38 R R U A LB ( dissolved organic
carbon, DOC) FIIFE 254 nm T BEFMIOEREE (UV,,,)
YERFRARSHL, H &%) X 277 VA LE DOM 1Y 4 18T
AR AL BA R =PI Kk -k SR R
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ANV AT | TR A28 Yt LA S A 1 ¥ 7K S R A T v 2R A
B, R AR B AT B R A b R R AR TS Yok
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PN T H AT B e R AR L, Al R EUy
YR IR, IR S 4 A X DL B A X =2,
TR BT S AN T AR 1Y 2 S, KBRS G
FRIE LA S TS PR VR AR R R 22 510 AR S IR T
T 4 AN IENIKIX, 2R R =R R T ik
FERE, AR DOM S35 i v DX K BR 58 15 e ok
PR AR E Y2 - ORI T AR B 5 7K A g
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Fig. 1 Land-use maps of the four studied watersheds in Ningbo
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Table 1  Basic information of the four watersheds in this study

Xk e A¥j Gpp IR | 707 S Sl 223 S RV el 423013 UNEEY: AN K i T
i hi bt/ % i b/ % /% /N km? HE 5% %

Al T X, 20. 04 0 18.3 81.7 10 083 89. 8

A2 kS HEE Xk 10.6 5.1 54.9 40 1104 29. 83

A3 RATIX IR 3.11 0.7 56.9 42.4 585 16. 87

A4 RFT X 1.74 3.8 69.7 26.5 329 7.76

F. TEREMCREERTG JCPE KA, HEBRRE TN X 145
R, AR SRS PGS MR, AR
263t 0.45 wm AR BT I8, 18R B AL TRE
VRIS A g b A 4°C VKA WS AR, 75—
B 58 SRR DGR BRI

1.2.2  DOC FIERA MRS ) e

fit 1 DOC-VCPH 43 #7 1 #% ( Shimadzu
Corporation, Tokyo, Japan) 7E f5 i b A AL RS T
MERER  DOC AYHEE. i ] Milli-Q #E 2l KA/ K
25, SRS WA 66 BE T ( H 57 U-3900) ,
HEYEFE A 200 ~700 nm, LA 0.5 nm K Ky lE] b, Wl
i UV-Vis OB, 3l 2R 254 nm A0FF 5 2250
J6 B BR DL DOC ¥k BE 1% F] b 5% A W%
(SUVAL,) 2. SUVA,, ITAE R 974 5 i v A5 AL
WS B FNESEL S, HM 275 ~295 nm A6
RN 350 ~ 400 nm [HIEIE AR AE, S, 5
DOM ({34 43 F- 2 52 S L2
1.2.3  =4E5DENK S PARAFAC 04

KA I B A2 IR — U HEAT = eSOk
i, A 150W KT8 H 37 F-4600 261N
(Hitachi, Tokyo, Japan) il 22 EEM. EEM Jti 19 %
B (E, )220 ~450 nm, FHEIBE S nm; & 5Tk
K (E,)260 ~600 nm, 4i[EIFE 1 nm. EEM {5 57F
S/R R REE , MR 5 R S (P 48 T FE 3 R
5 nm. i Milli-Q @BAKAE RS H. B 8dE 5%
R Kl FH B Atk W P = WU W E /E =275/303
nm (W58 EEFEATIH—4k. H F,, (07 R. U.) {HIF
fliif 1t EEM-PARAFAC F3 BT i 22 1) 24 D't i 40 1) ik
J#. XTF EEM-PARAFCA 7T AUTEA S50 5 ml W
SCHk[23].

2 2GS I8 1T LA B HAb 29 S BN AR
B PEHRE(FT, FERUR K 370 nm B & S
450 nm F1 500 nm [t {H ) HF X 4 DOM B9 k&
PRI TSR (HIX) 2R ALY IS S AL R
T 7 2 0% 435 ~ 480 nm X B Y & 5 R BERR LA
300 ~ 345 nm X3 A9 & S8R BT A AR TR I AR
(BIX) 48/~ DOM 1) H AW sk te i, 387
A E =310 nm B, E 7F 380 nm 5 430 nm &b
BN FE A

1.3 Sitath

TGSk (PCA) & —Fh 2 A B 4531 i,
A R AR A M A B 0 A AR A KRR B S b S i AR
WA RUE R, FEFCIE B b A AR A7 I REAE 2
HOPEfED) . fi JH Origin (HAS 8.6, Origin Lab. |
USA) #F47 32 B 43 43 #1 B AH SC R i 4 ). A Sl
JH SPSS(JiAs 18, IBM, USA) XA [] IX AL 7 fity 7k
A8 A AT IE AR 5, (B R Oy 25 4 i
(ANOVA) i 2 25 X 3K Bt S50z [\ i 22 vk o
HHIHHBBEE o /K 0.05 JifiE e i
ArcGIS(10.2 T, ESRI, USA) %54 4o iH4E % E 15
A DX 45 5 PR 25 - b R 2R

2 HR5ITR

2.1 KRR S ERE
2.1.1 DOC S5k

HRARE LR R 7 2200 0T, 4 XY DOC ¥k FE A7
T FEM 2R (P <0.001, ANOVA). X1 A2 fiy
DOC ¢ FE i &, iK% 7.45 mg-L~"; HR 2 X5
Al, DOC ¥eJE 793,18 mg-L~' [E2(a)]. 7EXHE
A3 Fl A4, DOC ¥ JE 43 514 2. 16 mg-L~"' 1 2. 62
mg- L™ Z5RFRIIL A X3 h DOC I /N T 35 T Al
WS Xk X3 A2 KR A LY B, 2
T IX 38 PN SR A I 110 2 TH S 20 T R TS R K AL BER
ML TR K B HER S . SR, A DOC ¥k
JFE R AN J2 LA 3R A 30k T A Je o 1 7K BT () 5 i
DL B — 28 i DOM FFE S B TR
2.1.2  DOM 55RO 53 Hr

I SN B — 25 2 BT DOM B4k 2
FEPEST . UV, S WEAY S K P SR A A 1 T 5 I 2
KA T A WY LL J & C=C XUk 55 & b &9
A2 B R 2 B, UV, Fl DOC By ik BE 52 31
LR S, Xk A2 A9 UV, (H R, X AL Y
UV, (EIEAK T X 3, A2, X3 A3 Fil A4 () UV, {H
FREAR. BLAR, SUVA,, (B AEAN R DX 8t A7 A J 3
PEZR (P <0.001, ANOVA), X1 Al [ SUVA,,
fEm, Xk A2 MM RAR. X Ui A1 AH E A X
KA DY BT 5 A P AT WL Y A L R R . Xk
A2 1Y SUVA,, [EAEATIH K F 7K & DOM ¥5 4L %ok
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Fig. 2 Values of DOC, UV,s,, SUVA,s, , and S; of the four studied watersheds

JEF ARG A T HER B K, TR Hh R KA 3 )
TIEPEIL. X —ZGRAT 5 SR 34 ] TR B AR T
157K AER SUVA ., M1 LE R SR A B AL, 4 PN IX
W) S, M DOC e B — 82 feta e, 5
SUVA,, [HAFTEMI R AR $, KB DOM 43 F &
R, DA, AR . X 4 X
B AN IS T i KECE AR e & R
XS DOM F77E 26 5, 7 - i A1) 08 o 4 9k
Ty TEAFAE 25 AR RS Xk A3 FIl A4 (1) SR HP G TS HF
TEWAFTE—E 22 5, (HUZ T 22 5 8/ DL SRR
DOM WL 4%, EAMEIE /AT A & DL AR B /K AR
o DOM ZH i 25 5, T K2Rk EEM-PARAFAC
FARXF DOM WYL k473 — 255 #r.
2.2 DOM MZBEig s Hr
2.2.1 DOM Z&YGHHIE

izl EEM-PARAFAC 73Rt 4 A~ X1 591 4
FESEAT T 2007 , 458 7 D962, InE 3 Fs.

BRI 25001 (ANOVA) 51 [ 8 4 (a) ] ERH]
Cl, C2., C4 7EXIE A1, A2 FIX IR A3, A4 1770
EPEXET (P <0.001, ANOVA). #HHEC HHF5EA

M, C1ACA4 EERORIE T REEA LR, 2
Wi A7 AE T R AR F A K T EE S A
FHEAR DRI T BT . i Ab i iy A1 il
A2 XIh RIS B BT (C1, C2 Fl C4) & T A
XIR A3 Fl A4, FHAANEIK B R 05 R 0 Hh 2= A2
T TR A T B g, AR E /B, B AT
C3 i C1 WREfE 1, SR TE AR B /N T A
FEJTC, AE DX AL R 3 A X 38 2 (A AF 7
5 (P <0.001, ANOVA). HiFIXEL A1 PI/KMAG
SRR 25, W RIS VR IR AR, R R A B
Z WeEEE R, WERFEE, LR K, 15
K HWIERRY C3 1622, BT LI IAr A () JES U8 Al 2 2L
TSPz —. AR R C5 MR EARY i, =
ORI T ARG K, RSN, BOb
AIZEEE T T C7 WA %R, CafFHE—B
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Fig. 7 Linear regression analysis between the fluorescent components and per capita GDP of the studied watersheds



1758 EZ8 i) g o 40 %
N (2): 352-360.
3 ZE'LI: [7] Leel, LeeS, YusS, et al. Relationships between water quality
. parameters in rivers and lakes: BODs, COD, NBOPs, and TOC
( 1 ) ﬂﬂ%‘%ﬂ(qj{’/ﬁ\’%lﬁﬁm%%iﬂﬁ%um%éfm H:Il [J]. Environmental Monitoring and Assessment, 2016, 188
BEUINTHIENE , ARG . 20 R R L7 (). 252
[ 8] #:EH, T, MH. ML T RE/RIEE COD FZA

IEOPNE ISR S8 = I N AR R W NG
WA DL S R 5, ek T g S B0 S
22 5.

(2) 5T EEM-PARAFAC 4317, 45 T AN £
oA SR NG S X T Hb R K i 52 A . 78
T OIS K AR Ak SRR AR T
St , KRG Qe S EORR T A 1k T TR B0
BTG s TR S 456 DB, AR A 5 e 1y ) o
Z MR T A BEA RO AR BRI AR 3% 15 7K L R ol
JEK 5 MAEARRT X3k, sk A4 b iy 75 e T8 2R T
A FHRUMR L A8 TR 5 o T BATR A 1  HUR
XAk, DA b =205 e R AEAE.

(3) $E M T L HERE RN 0% KRR B, AN[E By
BOK MR o5 ge i 2 B R [A R AiE, B EEM-
PARAFAC 7307 B $ it i) 75 Y 5 25 ) 5 s 45 ]
TR L 78 5 2 Y S TS ok IR, X
AN DX A 7K PR 4 T AR AL T TS B 1Y
HYE BEE, 72T — 2 mEARIRK LR
B —ERX
S R
(1]

Liu D, LiuCL, Fu Q, et al. Projection pursuit evaluation model
of regional surface water environment based on improved chicken
swarm optimization algorithm[ J]. Water Resources Management,
2018, 32(4) . 1325-1342.

Cheng X, Chen L D, Sun R H, et al. Land use changes and

socio-economic development strongly deteriorate river ecosystem

(2]

health in one of the largest basins in China[ J]. Science of the
Total Environment, 2018, 616-617; 376-385.

Meng F G, Huang G C, Yang X, et al. Identifying the sources
and fate of anthropogenically impacted dissolved organic matter
(DOM) in urbanized rivers[ J]. Water Research, 2013, 47
(14) . 5027-5039.

AR, 8, K. KT SRR S —X ORISR B IR AT
it R 1], AR, 2015, 41(3) : 1-3.

Shi X J, Li L, Zhang T. Water pollution control action plan, a

[4]

realistic and pragmatic plan an interpretation of water

pollution control action plan [ J ]. Environmental Protection
Science, 2015, 41(3) . 1-3.

FERk. XA A B BE R R BB (] KA, 2016,
(21): 6-7.

Jiang B. Considerations for leader responsible system in
governance of rivers and lakes [ J ]. China Water Resources,
2016, (21): 6-7.

XESE, WA, RIS, S KH RIS TR R W)
IR IR ERCR I PFSE (1], RO IREERL 2 23K
2015, 34(2) : 352-360.

Liu G F, Bao X M, Wu T T, et al. Purification of water in
Zhushan bay of Taihu Lake with water hyacinth ecological

engineering[ J]. Journal of Agro-Environment Science, 2015, 34

(9]

[10]

[12]

[14]

[18]

[19]

AR R[]
(2):69-75, 83.
DuH L, Yu XY, Qu M L. Research on COD and NH;-N

dynamic environmental capacity in Harbin section of the Songhua

KRR K TR 243, 2018, 29

River[ J]. Journal of Water Resources and Water Engineering,
2018, 29(2) : 69-75, 83.

PRABEE, ALETY, Bk, 4. R 30 X GO i S A
SABRTS RRE S AT SR E SR AL (1], BRI, 2015,
36(7): 2446-2452.

Qing X Y, Ren Y F, Lii Z Q, et al. Characteristics of total
nitrogen and total phosphorus pollution and eutrophication
assessment of secondary river in urban Chongqging [ J ].
Environmental Science, 2015, 36(7) ; 2446-2452.

Wang S R, Jin X C, Yan P, et al. Phosphorus fractions and
phosphate sorption characteristics in relation to the sediment
compositions of shallow lakes in the middle and lower reaches of
Yangtze River region, China[ J]. Journal of Colloid and Interface
Science, 2005, 289(2) : 339-346.

Cheng X, Chen L D, Sun R H, et al. An improved export
coefficient model to estimate non-point source phosphorus
pollution risks under complex precipitation and terrain conditions
[J]. Environmental Science and Pollution Research, 2018, 25
(21) : 20946-20955.

ZEEY RN RSO S b A ARl TR A BRI A
HI]. HEERA SHOR, 2016, 39(10) : 113-117.

Li A, Li Y, Cheng W, et al. Calculation of agricultural non-
point source of nitrogen and phosphorus loading from Tangxun
lake watershed into the lake [ J]. Environmental Science &
Technology, 2016, 39(10) ;. 113-117.

Guo W D, XuJ, Wang J P, et al. Characterization of dissolved
organic matter in urban sewage using excitation emission matrix
fluorescence spectroscopy and parallel factor analysis[ J]. Journal
of Environmental Sciences, 2010, 22(11) ;. 1728-1734.

Vera M, Cruz S, Boleda M R, et al. Fluorescence spectroscopy
and parallel factor analysis as a dissolved organic monitoring tool
to assess treatment performance in drinking water trains [ J].
Science of the Total Environment, 2017, 584-585. 1212-
1220.

Stedmon C A, Bro R. Characterizing dissolved organic matter
fluorescence with parallel factor analysis; a tuatorial [ J ].
Limnology and Oceanography Methods, 2008, 6(11) : 572-579.
Hosen J D, McDonough O T, Febria C M, et al. Dissolved
organic matter quality and bioavailability changes across an
urbanization gradient in headwater streams|[ J]. Environmental
Science & Technology, 2014, 48(14) ; 7817-7824.

Nimptsch J, Woelfl S, Osorio S, et al. Tracing dissolved organic
matter ( DOM ) from land-based aquaculture systems in North
Patagonian streams[ J]. Science of the Total Environment, 2015,
537 129-138.

Williams C J, Yamashita Y, Wilson H F, et al. Unraveling the
role of land use and microbial activity in shaping dissolved
organic matter characteristics in stream ecosystems [ J ].
Limnology and Oceanography, 2010, 55(3) . 1159-1171.
Fellman J] B, Hood E, Edwards R T, et al. Changes in the

concentration, biodegradability, and fluorescent properties of



4 39

WA, WREEA LY (DOM) 5 X8+ R IR BT = 4E586-FAT N 4347 (EEM-PARAFAC)

1759

[20]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[31]

[32]

[33]

dissolved organic matter during stormflows in coastal temperate
watersheds [ J ]. Journal of Geophysical Research, 2009, 114
(G1): G01021.

Yamashita Y, Jaffé R, Maie N, et al. Assessing the dynamics of
dissolved organic matter ( DOM ) in coastal environments by
excitation emission matrix fluorescence and parallel factor analysis
(EEM-PARAFAC) [ J]. Limnology and Oceanography, 2008,
53(5) : 1900-1908.

Fellman J B, Miller M P, Cory R M, et al. Characterizing dissolved

organic matter using PARAFAC modeling of fluorescence
spectroscopy: a comparison of two models [ J ]. Environmental
Science & Technology, 2009, 43(16) : 6228-6234.

Fellman J B, Hood E, Spencer R G M. Fluorescence

spectroscopy opens new windows into dissolved organic matter
dynamics in freshwater ecosystems: a review[ ] ].
Oceanography, 2010, 55(6) ; 2452-2462.

Yang X L, Yu X B, Cheng J R, et al. Impacts of land-use on

surface waters at the watershed scale in southeastern China:

Limnology and

insight from fluorescence excitation-emission matrix — and
PARAFAC[J]. Science of the Total Environment, 2018, 627
647-657.

Pifer A D, Fairey J L. Improving on SUVA,s, using fluorescence-
PARAFAC analysis and asymmetric flow-field flow fractionation
for assessing disinfection byproduct formation and control [ J].
Water Research, 2012, 46(9) : 2927-2936.

Weishaar J L, Aiken G R, Bergamaschi B A, et al. Evaluation
of specific ultraviolet absorbance as an indicator of the chemical
composition and reactivity of dissolved organic carbon [ J].

Environmental Science & Technology, 2003, 37 (20 ). 4702-
4708.

Helms J R, Stubbins A, Ritchie J D, et al. Absorption spectral
slopes and slope ratios as indicators of molecular weight, source,
and photobleaching of chromophoric dissolved organic matter[ J].
Limnology and Oceanography, 2008, 53(3) : 955-969.

Zsolnay A, Baigar E, Jimenez M, er al. Differentiating with
fluorescence spectroscopy the sources of dissolved organic matter
in soils subjected to drying[ J]. Chemosphere, 1999, 38 (1) .
45-50.

Huguet A, Vacher L, Relexans S, et al. Properties of fluorescent
dissolved organic matter in the Gironde Estuary [ J]. Organic
Geochemistry, 2009, 40(6) : 706-719.

Wilson H F, Xenopoulos M A. Effects of agricultural land use on
the composition of fluvial dissolved organic matter [ J ]. Nature
Geoscience, 2009, 2(1) ; 37-41.

Osburn C L.
phytoplankton pigment fluorescence from a freshwater river
network [ J ]. Environmental Science & Technology, 2017, 51
(12) : 6683-6690.

Zhao H X, Jiang X W, Dong Y W, et al. Geographic information

Bhattacharya R, Multivariate analyses of

system-based optimization of sewage treatment facilities by
evaluating pollution effects and governance demands[J]. Journal
of Water Reuse and Desalination, 2015, 5(2): 104-118.
RWEHE, EA5E, ERE, . W5 K EK AL 5
ATRAIE B B X HRsE iR [ J] . BRERL 24254, 2016,
36(10) : 3623-3628.

Song Y L, Wang Q L, Dong B Z,

characteristics of organic matters in micro-polluted water and

et al. Distribution
variation after microfiltration[ J]. Acta Scientiae Circumstantiae,
2016, 36(10) ; 3623-3628.

Altmann J, Massa L, Sperlich A, et al. UV,s, absorbance as

real-time monitoring and control parameter for micropollutant

[34]

[37]

[43]

[44]

[45]

[47]

removal in advanced wastewater treatment with powdered
activated carbon[ J]. Water Research, 2016, 94. 240-245.
Murphy K R, Hambly A, Singh S, et al.
fluorescence in municipal water recycling schemes: toward a
unified PARAFAC model [ J ].
Technology, 2011, 45(7) . 2909-2916.

Ohno T, Fernandez 1 J, Hiradate S, et al.
acidification and forest type on water soluble soil organic matter

properties[ J]. Geoderma, 2007, 140(1-2) ; 176-187.
Wu F C, Evans R D, Dillon P J. Separation and characterization

Organic matter

Environmental Science &

Effects of soil

of NOM by high-performance liquid chromatography and on-line

three-dimensional ~ excitation  emission matrix  fluorescence

detection[ J . Environmental Science & Technology, 2003, 37
(16) : 3687-3693.

Zhao C, Wang C C, Li J Q, et al. Dissolved organic matter in
urban stormwater runoff at three typical regions in Beijing:
chemical composition, structural characterization and source
identification [ J ]. RSC Advances, 2015, 5 (90): 73490-
73500.

Lapierre ] F, Del Giorgio P A. Partial coupling and differential
regulation of biologically and photochemically labile dissolved
organic  carbon boreal networks [ J ].

Biogeosciences, 2014, 11(20) : 5969-5985.

Yamashita Y, Tanoue E. Chemical characterization of protein-

across aquatic

like fluorophores in DOM in relation to aromatic amino acids[ J].
Marine Chemistry, 2003, 82(3-4) . 255-271.
Mayer L. M, Schick L L, Loder Il T C. Dissolved protein
fluorescence in two Maine estuaries [ J .
1999, 64(3): 171-179.

Yan S W, Yao B, Lian L S, et al. Development of fluorescence

Marine Chemistry,

surrogates to predict the photochemical transformation of

pharmaceuticals in wastewater effluents [ J ]. Environmental
Science & Technology, 2017, 51(5) . 2738-2747.

Zhao H, Cui J, Wang S, et al. Customizing the coefficients of
urban domestic pollutant discharge and their driving mechanisms:
China [ J].
Environmental Management, 2018, 213 247.

Wang R, Kalin L. Combined and synergistic effects of climate

Evidence from the Taihu Basin, Journal of

change and urbanization on water quality in the Wolf Bay
watershed, southern Alabama [ J ]. Journal of Environmental
Sciences, 2018, 64(2) . 107-121.

Ogle S M, Breidt F J, Paustian K. Agricultural management
impacts on soil organic carbon storage under moist and dry
climatic conditions of temperate and tropical regions [ J].
Biogeochemistry, 2005, 72(1) . 87-121.

Graeber D, Gelbrecht J, Pusch M T, et al. Agriculture has
changed the amount and composition of dissolved organic matter
in Central European headwater streams[ J]. Science of the Total
Environment, 2012, 438(3) : 435-446.

McKnight D M, Boyer E W, Westerhoff P K,

Spectrofluorometric characterization of dissolved organic matter for

et al.

indication of precursor organic material and aromaticity [ J].
Limnology and Oceanography, 2001, 46(1) : 38-48.

Tsuzuki Y. Comparison of pollutant discharge per capita ( PDC)
and its relationships with economic development: an indicator for
ambient water quality improvement as well as the millennium
development goals ( MDGs) sanitation indicator[ J]. Ecological
Indicators, 2009, 9(5) : 971-981.

Duan HT, Ma R H, Xu X F, et al. Two-decade reconstruction
of algal blooms in China’s Lake Taihu [ J].
Science & Technology, 2009, 43(10) . 3522-3528.

Environmental



HUANJING KEXUE Vol.40  No.4

Environmental Science (monthly) Apr. 15, 2019

CONTENTS

Source Apportionment and Mixing State of Single Particles in the Nanjing Jiangbei New Area YU Xing-na, SHI Zheng, MA Jia, et al. (1521)
Characteristics of Carbonaceous Aerosol Pollution in PM, 5 in Xi'an MU Zhen, CHEN Qing-cai, WANG Yu-qin, et al. (1529)
Chemical Composition Characteristics and Source Apportionment of PM, 5 During Winter in Taiyuan LIU Su, MA Tong, YANG Yan, et al. (1537)
Seasonal Variation and Source Analysis of Water-soluble Inorganic Tons in Fine Particulate Matter in Zhengzhou YAN Guang-xuan, ZHANG Jing-wen, LEI Hao-jie, et al. (1545)
Elemental Characteristics and Health Risk Assessment of Heavy Metals in Atmospheric PM, 5 in a Suburb of Zhuhai City =«++eeeseeerereeeeee YANG Yi-hong, JIA Yan, BIAN Guo-jian, et al. (1553)
Impact of a Dust Event on the Size Distribution of Metal Elements in Atmospheric Aerosols at a Coastal Region and over the Ocean «++++++++++ JIN Tong-jun, QI Jian-hua, XI Zi-yan, et al. (1562)
CALPUFF Modeling of the Influence of Typical Industrial Emissions on PM, 5 in an Uthan Area Considering the SOA Transformation Mechanism  ++- GAO Shuang, BO Xin, MA Yan, et al. (1575)
Variation in Pollutant Concentrations and Correlation Analysis with the Vegetation Index in Beijing-Tianjin-Hebei -++:++xereeveerereeneenvnnnne SUN Shuang, LI Ling-jun, ZHAO Wen-ji, et al. (1585)
Estimation of Coal Consumption and the Emission of Related Contaminants in the Plain Area Around Beijing During 2015-2017 *+ ZHAO Wen-hui, LI Ling-jun, LU Hai-feng, et al. (1594)
Column-integrated Aerosol Optical Properties Determined Using Ground-based Sun Photometry Measurements in the Hangzhou Region *+++++++= QI Bing, CHE Hui-zheng, XU Ting-ting, et al. (1604 )
Speciated VOCs Emission Inventory and Ozone Formation Potential in Sichuan Province ZHOU Zi-hang, DENG Ye, TAN Qin-wen, et al. (1613)
Characterization of Volatile Organic Compounds from Cooking Emissions +«+xseeseeeresessseesninsinensienen B SRR GAO Ya-qin, WANG Hong-li, XU Rui-zhe, et al. (1627)
Analysis of Peroxyacetyl Nitrate and Ozone During a Typical Photochemical Pollution Process at the Panyu Atmospheric Composition Station +++++++ 70U Yu, DENG Xue-jiao, LI Fei, et al. (1634)
Characteristics and Interannual Variation of Chemical Components in Typical Road Dust in Beijing =~ «r«+«ssesserserseesenenensneneniensininsneennes HU Yue-qi, LI Meng, YAN Xu, et al. (1645)

Sources Analysis and Health Risk Assessment of Polycyclic Aromatic Hydrocarbons in the PM, s Fraction of Fugitive Dust in Nanchang City «+eseseeeresseressensissnnsini.
YU Rui-lian, ZHENG Quan, LIU Xian-rong, e al. (1656

FAN Shou-bin, YANG Tao, WANG Kai, et al. (1664
MA Shuai, ZHANG Kai-shan, WANG Fan, et al. (1670

)

Methods and Application of Road Fugitive Dust Emission Factor Localization )
)

YANG Tang, HAN Yun-ping, LI Lin, et al. (1680)
)

)

)

Characterization of Tailpipe Emissions from in-use Excavators

Microbial Properties of Different Size Aerosols at Human Average Respiratory Height During Fog-haze Days «+++++++++++-

Modification and Performance Tests of Visibility Parameterizations for Haze Days «+:+seeoreveeeseeeees ZHAO Xiu-juan, LI Zi-ming, XU Jing (1688
Application of Support Vector Machine Regression in Ozone Forecasting SU Xiao-gian, AN Jun-lin, ZHANG Yu-xin, et al. (1697
Analysis of PHEV CO, Emission Based on China’s Grid Structure and Travelling Patterns in Mega Cities  +++esresreereereresressensensnnsneeneens HAO Xu, WANG He-wu, LI Wei-feng, et al. (1705
Sources of Nitrate in Groundwater and Its Environmental Effects in Karst Trough Valleys: A Case Study of an Underground River System in the Longfeng Trough Valley, Chongging «+++++++

................................................................................................................................................... DUAN Shi-hui, JIANG Yong-jun, ZHANG Yuan-zhu, et al. (1715)
Pollution Characteristics and Ecological Risk Assessment of Phthalate Esters (PAEs) in the Surface Water of Jiaozhou Bay - * LIU Cheng, SUN Cui-zhu, ZHANG Ge, et al. (1726)
)
)

Distribution Characteristics and Ecological Risk Assessment of Organochlorine Pesticides in Sediments of Zhanjiang Bay -+ PENG Shi-yun, PENG Ping-an, KONG De-ming, et al. (1734

Analysis of the Optical Properties and Factors Influencing DOM in an Ecological Purification System: A Case Study of Yanlong Lake in Spring ~ ++++-: MA Rui, LI Xuan, WANG Lian, et al. (1742
Analysis of the Relationship Between Dissolved Organic Matter (DOM) and Watershed Land-use Based on Three-dimensional Fluorescence-Parallel Factor (EEM-PARAFAC) Analysis -+
+ LI Yun, WEI Hong-jie, WANG Kan, et al. (1751)

Analysis of the Characteristics of Nitrogen and Phosphorus Emissions from Aglicuhural Non-point Sources on Hanfcng Lake Basin ++++++ XIE Jing-chao, ZHAO Xiu-lan, HE Bing-hui, et al. (1760)
Simulation of the Migration and Leaching of Nitrate Nitrogen in the Farmland Soil Profile in a Hilly Area of Taihang Mountain with the RZWQM Model ~ «+-«+seseesseseseeemenmensininnnnien
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ZHENG Wen-ho, WANG Shi-qin, LIU Bing-xia, et al. (1770)
Spatial Distribution Characteristics of Nutrients and Chlorophyll A in the Lancang River Basin Under Cascade Reservoirs —+-«sseseeseereeseeees CHENG Bao, WANG Xue, MA Jin-chuan, et al. (1779)
HE Lu-lu, YANG Ping, TAN Li-shan, et al. (1788)
Distribution and Environmental Risk of Pharmaceutically Active Compounds in the Traditionally Aqueous Phase of Effluent-receiving Rivers «e-seessessessersesemenensisininsinsininsnnien
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Shuo, LIU Jian-chao, ZHENG Chao-ya, et al. (1797)
Effects of a Green Roof on Stormwater Regulation and Cost-benefit Analysis LI Jun-sheng, YIN Hai-wei, KONG Fan-hua, e al. (1803)
)
)

Nutrient Distribution of Overlying Water in Tidal Marshes in Five Estuaries and Bays of the Fuzhou Region in Autumn <+

Ultrasonically Activated Persulfate Degrades Typical Odors in Water SUN Xin, SUN Jie, LI Peng-fei, et al. (1811
Metal Organic Framework MIL-53(Fe) as a Photocatalyst for Visible-light Catalytic Reduction of U( VI) in Aqueous Solution «+++++++s+ssssseeeees YAN Zeng-yuan, XI Hai-ling, YUAN Li-yong ( 1819
Effects and Differences of the Release of Dissolved Organic and Inorganic Phosphorus in Different Sediments Covered by Different Materials of Erhai Lake ~e+vereoeeeeeerereenensssimnnenennnines
- +++ GONG Jia-jian, NI Zhao-kui, XIAO Shang-bin, et al. (1826)
Phosphate Removal Using Rice Husk Biochars Modified with Lanthanum Hydroxide XU Run, SHI Cheng-hao, TANG Qian, et al. (1834)
)
)

Characteristics and Heavy Metal Adsorption Performance of Sewage Sludge-derived Biochar from Co-pyrolysis with Transition Metals ++++* CHEN Tan, ZHOU Ze-yu, MENG Rui-hong, et al. (1842
LI Yu-jiao, YANG Zhi-min, CHEN Yu-cheng, et al. (1849

Adsorption, Reclaim, and Regeneration of Cd by Magnetic Calcium Dihydrogen Phosphate Nanoparticles -

-+ MA Hang, LI Zhi-peng, LIU Feng, et al. )
++ LI Dong, CUI Ya-gian, ZHAQ Shi-xun, et al. )
LI Dong, WANG Ying-giao, LI Shuai, et al. )
ZHOU Ya, MAI Wen-ning, LIANG Jia-wei, et al. )
WANG Xu-hui, YANG Lei, REN Yong-xiang, et al. (1892)
)
)
)
)

Pre-precipitation of Sewage SNAD Granular Sludge Process Test

Impact of Actual Domestic Sewage and Simulated Wastewater on an Aerobic Granular Sludge System

Nitrogen Removal Performance of a Sulfur/Pyrite Autotrophic Denitrification System

Nitrogen Removal by Heterotrophic Nitrifying Bacterium Pseudomonas putida YH and Its Kinetic Characteristics

Effect of Sludge Retention Time and pH on the Denitrifying Phosphorus Removal Process WEI Jia-min, HUANG Hui-min, CHENG Cheng, et al.
Microbial Community of Granular Sludge in an ANAMMOX-EGSB Reactor Under Saline Conditions — ++++sesetveeerssnssnesnennssneinenens WANG Han, LI Han-xiang, CHEN You-peng, et al.
Effect of Intracellular Carbon Source (PHA) Storage on the Mixed Growth Microbial Community Resistance to Low Temperature ~«++++++* YANG Jian-peng, ZHANG Jian, TIAN Qing, et al.
+==+ WANG Chao, LIU Qing-wei, ZHI Yin, et al.
Contamination Characteristics and Safety Risk Assessment of Perflurorinated Alkylated Substances in Aquatic Products from Guangzhou ««++sesveseeeseseseensnmeneninniiii
............................................................................................................................................................ WANG Xu-feng, WANG Qiang, LI Zhi-guang, et al. (1931)
Characteristics of the Dissolved Nitrous Oxide (N,0) Concentrations and Influencing Factors in a Representative Agricultural Headwater Stream in the Upper Reach of the Yangtze River
TIAN Lin-lin, WANG Zheng, HU Lei, et al. (1939)
CH, Uptake in Different Saline-alkaline Soils in Hetao Irigation District, Inner Mongolia YANG Wen-zhu, JIAO Yan, YANG Ming-de, et al. (1950)
Allocation and Stabilization Responses of Rice Photosynthetic Carbon in the Plant-Soil System to Phosphorus Application «+++++++++- WANG Ying-ying, XIAO Mou-liang, ZHANG Yun, et al. ( 1957)
Effect of Soil Moisture and Temperature on the Soil Inorganic Carbon Release of Brown Limestone Soil in the Karst Region of Southwestern China -+ :
............................................................................................................................................................... XU Xue-chi, HU
Temporal and Spatial Dynamics of Soil Microbial Biomass Carbon and Its Influencing Factors on an Eroded Slope in the Hilly Loess Plateau Region -+
........................................................................................................................................................................ QIN Qian, ZHU Shi-shuo, XIA Bin, et al. (1973)
KONG Chen-chen, ZHANG Shi-wen, NIE Chao-jia, et al. (1981)
WANG Dong-sheng, ZHU Xin-meng, YANG Xiao-fang, et al. (1990)

Contents and Forms of Phosphorous in the Municipal Sewage Sludge of China ««+s+sssssssessrsssrsmsmssnsnsnesissn e

NG Yuan, HE Xun-yang, et al. ( 1965)

Composition, Characteristics, and Accumulation of Antibiotics in the Soil in Agricultural Land

VOCs and Odors Control and Development in Pharmaceutical Fermentation Industry ««-««-«sesseseeseeseeneeses



