CF5 50

Eco-Environmental
Knowledge Web

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 CODEN HCKHDV
HUANJING KEXUE

TR A K R B H S & = ) e FL 1% ) S B
B35, MR, TIRR, K

2021%11AH

$42% £ 1158
Vol.42 No.ll1




w % B 37 a2 % B0

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2021 4611 A 15 H

H &
%LE%Q
m7j(qjﬁlj“i|fenl’it%&/ﬂ\:#,fﬁ %mﬁ ................................................................................. %Xh@, %ﬁé, TW\%, ;&%@(5059)
i%iﬁmwﬁ*%ﬁm%ﬂ IR BEBIITHER -+ vveerereermr e BBE, BAW HE, E4H(5086)
MRHEE
1998 ~2016 1[I AR L5 DORTBER SEXT PM, s RIS 22 PGB vovovovoocesereneee hEE, HR, TR, RRE, 28, F5(5100)
COVID-19 E‘%,ﬁﬁl‘ﬂjjtﬁ' ﬁiﬂﬁ(}\i%@/‘i *Ij(/;\fi yj{gﬁ‘rﬁaﬂﬁﬁeﬁ{ﬁ Lﬁﬂcﬁ‘ ...............................................................
..................................................................... ifﬁiE E]} H}é ,g”% %7\5_ E‘g‘ &Lﬁ’%@:% /ﬂ‘ﬂ$ Téﬁ}(smg)
/ﬁm%ﬁ‘lm(ﬁfﬁ 2019 ngpﬁﬁ@j(j‘{g # fiF Iﬁ;ﬁ/}?ﬁzﬂcﬁ .............................................................................................
.................................... leggpk —,&ﬂiﬂ}jg £, B, éﬂm gglﬁ} 24 , B 7{@%;{ T, g&%% %IH:“(S]ZZ)
AFET RIS RO F VR 2 R ETRIX e EHE, T, EE% AKE, e, BE, BEX, WFF(5131)
R A28 AR EXT PM, s FBETLE RGN v voeeeemeenemnmncnnsnsnnnees T@,%ﬁ%,miﬁ,%%,%%% Kb, BEF(5143)
ﬁ{%ﬁpm_ﬁ:@%;ﬁéﬁﬁﬁjé éﬁﬁ%ﬂ&ﬂéiﬁﬁﬁiﬁ ....................................... B, %;g;;g; EMJ,J%]H: #k, EEFH(5152)
T E A TR A LR - RN, WRORE, MBS, P, Y, B, £F, AES, HE, BRS, R E, BE(5162)
2011 ~2019 q:q:x @Iﬂﬁﬁkﬁﬁjﬂ%ﬁpmﬁﬁ .........................................................................................................
.......................................... MG, EL, BMRE, P, HhE, 240, B8, BN, #8F, GWE, +RE(5169)
HEF LHS-MC 75 8 i Tk IR VOCs HEBGHT LB GHENE -ooeoveeeeeneeeeeee wHE, A BRE, FRA, AK, BE, SR, £8(5180)
LT R il VOCs HERCERE Je X R FRIEELM  weeeereerermmnrnneieeee i EiEAk, TEYL, RIAE, BN, EE, jﬁg/]ﬂ(5193)
BT AR I BE X 15 R ML A B AE G B GEA BIEBAL v ERE, T, FAHM, TLH(5201)
T (X E A HUEVE Y AR P BTEX ASALARE J HABRE KU AL «oovveereeeses s
..................................................................... B BHE EeE, WE, AHE, B9, A, 24, TEE(5210)
FBMI T RS BHE G B L ER TN S APHT oo eeeerrermreeee e i, E}V ﬁ«fﬁ‘ %X/\ F b (5220)
SET CAMS BURM AT 2 B0 7 S TLARIIA O, WEEE LI - %%, kG DA, TAoh, KAR, KRB, S8 (528)
KL TR R 02 A BB IRILI +oeveeeevenesenmnsssssse i, B, BB, T, HEE, BHA(5239)
LA B 2 TR I G WU E A A 25 A48 . VBB L USRI, vevvveeemeermeermmesme sttt
.................................................................. KEM ARG, WAL, Kad, BaE, BEY, KEE, ik, EEFH(5250)
I S A TS T T DOM BN B 2 e veveeseseseeesieei e %3? Wi, TEF, 3, 2%, s (5264)
C BT T 0 K R LR o R I L RS 0l +oeeveereeeeeremee s WER, ST, 2 HDE, KE(5275)
R oK PR LTS SRR A A AR A wooeveeeeveeveeveeensnnee PO, EE, KTE, RS, TEE, B E(584)
K- TS A TR R0 R P IO AR I B ATAFE wovvvvvesvrsee RER, B, P, Ab, FES, 1E(5294)
HEEE IR X SURY i RS IR0 3 A0 R 5 RS AT A, -eeeeneeee IR, KHE, ézﬁ,%% , BER, ERF(5303)
T2 DX IR 15 7K R B 15 S 0 B ACK AR B BRI oeveeeveremesrmrmniis KEME, THE, KEKF, DA (5312)
LR RSB B K B B 4 SR A KU AT G T v evevee e
............................................................... ﬁﬁi@ ﬁkﬁ ﬁfﬂﬂ :f ?ﬁ/\q[ﬂ_—i& Xﬁ%%,? /jl]éli L},% El@f—%(5322)
T IR E A B a3 [0 AT . KU G IR R S ceeeeeeeeeremineee rv@ Eli,éﬁ?@ 9&? H}(Eﬁﬁﬁ:(ﬁ%)
MR K IR ST A B S A0 JLTG YL ATy <o oreerrrremrree e ﬂlﬂ XM‘?J\% ﬁ};};(5346)
PR RN RZDOR E 48 S 5B TR e EHE, K, AF WK, £EN, Wﬁﬁ *R%@%w
ﬁy‘z,‘[ﬁﬁi@%@yk%&k;k%%/g{ht%ﬁ&%n[’].% ................................................ ﬁ;}}(@ %7?(’%& T}% Eﬂém] 7&:}: (5364)
T BT AR RAERIH R oo Yul, BREF, U8, EKE, AN, ABE, %ﬂﬁwmﬂ
@lﬁ@@jﬁ(%[:ﬁﬂﬂﬁf&@ ﬂéﬁét*fjlﬁllﬁjﬁ}ﬁ .......................................................................................... %ﬁ;r{%’ %%‘?(5384)
T8 7 I X /N ST - b R T A0 T VR B L AERAE o vvvee oo, BRIk, RBE, REE, W, 24T (5394)
o= L N G WS Wi 31 i 872 N )21 IR ZHR, RAB, G##F, %&& RFEW, B4Ed, HEN(5405)
LW % SN Coap i RERTS L e /3l €] 2N {15 2. BRI o (R 3 i#% MAEHF, TXH, #XE(5414)
FETF 16S rRNA 1538t U A IC A2 K AR B TR A RIS LR LA ATT «oveereemmeeseememmniis PN, £%, B8E, HHF(5424)
TR P A A 75 A T B K TR SO FEFER P oo A, K ; FRE(5433)
TR R AR AR A W S Ph( 1) AEBRREA: oo cveeeeeeneeeemee i B, Gub%, M, Asfandyar Shahab, B %, K4 (5440)
RAE R ALY/ AR LHATPh(I1) BIHHERE v FEk, #A, TE, 28, TZ¥(5450)
AR 4 B T B 2B S BHAGEERE oo vveeevvee v Ik B HakE, 2EY KHIE(5460)
4%&%&%%%%%%%1&?@@&%&%% RIS woeeeererremrers EER, A% BEE, 48, BER, BIRE(5472)
ARSI FEGH 2 5 BRIt TSP R AR S AURITENT eeeeerreemmmmmenennns W, B, AR, Hirg, TBE, TFF(5481)
M@i$ﬁﬂﬁﬂﬁui%ﬁm%ﬁ% X HEAEE SRR, eeeeeeee RE, 2%, TEE, B4, TER, HOOK, B, TFF(5491)
B AR R A T 4B AT AR B ASRUATTE  «ovvveeremeeermmeeemmmre s HER, ERIE, KA, HET(5500)
WRB A H I E T R %ﬁ&ﬂ&ﬂ:m ......................................................... g)ﬁ%% ﬁﬂ}ﬁﬂn BFER, KBk, B E (5510)
%@?% I DX SR P 4 B R R R R RS R R T, e o, BATR, BWEE, KRE, FRKE, KEE, EF(5519)
HAE VR X R el F B P2 22 4 AU B BUIH R ZE wvvvvvernmnnmnnmminisi i, %pﬁ%’ E%ﬁ& ﬁj‘( %;& M:E:F(5526)
hEi%Cdm AR DA AT ] -ooeeeeeneeeenes aﬁﬁ,ﬁ% %%ﬁ g, B, A, MR KIEE(5535)
CEAEE NS Lo P NIV Y @ 2 T A E 15821 | S ST R, 00, RWE, WAL, 94, FHEK, FXH(5545)
AR BT S0 B S A A M AR BT S SRR M e ?ﬁﬂ Wk, Ao, EN, AFE, EER(5554)

(REREMVEITIES(5108)  (FRERHEVAERFIN(5151)  {FE.(5249, 5263, 5283)



)
éﬁiﬂrz‘ In BB R = 55429 55113 20214E11H

Eco-Environmental
Knowledge Web Environmental Science Vol.42,No.I1  Nov.,2021

AItEEE=EMRBEERIY IR =E S,
St i f8% A R 2 2= Wi oz

skEAk, FAg T, MREae, wKETR, Fedlk, TERNS, SRR dkik, HEETt
CATALBHE R AR 2 5 TR 2B, WAL TS R BRE R AR LR =, A% E  050018)

E . WA LY (DOM) B RS EA VY R E A TS, 0 TIRF RS AE T DOM AR RHE , 456 50T TRk
JEIE N = LEPEO BRI AL B R EEFTRI K DOM 120 73 FOGTERAE AT A BT ABIE ST . S5 R R W] IZI AR 7K DOM 1943 T &=
AR LXK B B T 3 MR S X (P <0. 05) 3 SEATIR THEMedr L 2 R a2y (C1 F C4) | 1 Fh2eZE
FIZH4Y (C2) M 1 FhEs HLBRZH 43 (C3) , 42 €2 54043 C3 M G4 BB ZIEASE (P <0.001) , W REEAMMLAYIIE ; FATHF
P A A (C2) i TR | HIME IR F] 40. 59%, 5 BLIRI I 45 4153 9 SE5m B RTAH X = S M2 R AR (P >0.05) , %
[ 225 B (P <0.05) ; YOG RN S A 2R HZFRZRARE (P >0.05) 85 25 BENFE(P <0.05) ; %
S XA A 453 9 DOM 28 TS 1R (61, 59% ~89. 01% ) , 54T IR F ki 45 A —20 5L, T4 08 (RDA) 8
ANRK ARG, T AR ZURSE IR /K DOM LA 1 EEOK TS EG = 5O0GIERAa H 2B B ENM S 27 &
FI AT BIX {H LA SR HIX B7R B R K 230 [ AR | RS54 R FRE, O B 2 R L T30 B AR RRRAE T 0 2 TR K
DOM 20 43 (1% [ U5 4347 Sk, 3677 b DX 1) R7 7K 7 0 2 B T AS A 8 B 5. 2 1m0 JT b i IX BT R R 7K DOM. 2 i) 25 57 A 25 |
WS 25 W ARSI BER A A TRRHE, B0 LIfE— @ R TH7K DOM zﬂﬁ%ﬁﬁmﬁ%ﬁ‘iﬂﬂ%ﬁﬁﬁﬂ%,

KRR WILA 5 BER; WA B (DOM) 5 AT 4347 5 20 ARy CPEDY ‘ 1
RESHES. X522 XHFRRE. A XEHS . 0250-3301(2021)11-5250-14 DOI: 10. 13227/]. hjkx. 202102108 '

| 7

Spatial Distribution Characteristics of the Specfrum ;” Source Analysis - and
Nltrogen Response of Dlssolved Orgaprc Matter i 1n Summer Ramfall in the Hebell
Provmce £ ¢ J e, f ' ;—

v

LHANG Zi-wei, ZHOU Shi-lei , CHEN Zhao “ying, ZHANG Tlan—na 'DONG Wan-j -jia, ZHEN Yﬁ han, ZHANG Xin-tong, YAO Bo, CUL Jian- sheng
(Pollutfon Prevention Blotechnolog} Laboratory of Hebei Provmce Sc'Lool of Eniropmental Sciencel ands Engmeenng, Hebei University of Science and Technology,

Shl]lazj‘lluang 050018, Chlnh) / :
Abstract Dlssolved organic mdlter( DOM) is an important} Lomponeﬁ‘t of The. orge‘mc matter in the environment. This study explored the characteristics of DOM. The

components and specual characteristics of rainwater DOM were measured uSing ; Ultraviolet-visible absorption spectrum( UV-vis ) and three-dimensional fluorescence spectrum in
the Hebei pm\m(e. The results showed significant differences for DOM molecular weight in the northern, central, and southern region; the DOM of the northern region
exhibited the lowest molecular weight. Two humic-like( C1 and C4) , one protein-like( C2)and one fulvic-like( C3 ) components were identified by parallel factor( PARAFAC)
analysis. Component C2 had a significant positive correlation with components C3 and C4 (P <0.001), which may have similar sources. The C2( protein-like substances)
accounted for the major proportion of DOM with the average abundance 40. 59% . The DOM components based on PARAFAC exhibited significantly difference between city and
country regions without spatial difference, which was consistent with the result of fluorescence regional integration( FRT). The protein-like substances based on FRI were the
main components, which accounted for 61. 59%-89. 01%. Redundancy analysis( RDA ) showed that total nitrogen, nitrate, and ammonia were the main environmental factors
determining the distribution of DOM. Spectral indices presented a significant difference between city and country regions. High fluorescence (FT)and biological ( BIX) and low
humification ( HIX) values showed that summer rain exhibited the strong autochthonous and low humification characteristics, and country region have stronger autochthonous
characteristics than city region. The regression analysis demonstrates that the prediction accuracy of rainwater quality parameters in city region is high. From all the results,
rainwater DOM, showing strong autogenous characteristics, exhibited significant differences between city and country regions without spatial difference in Hebei. Meanwhile, it
can also provide technical support for rainwater nitrogen concentration prediction based on DOM components.

Key words Hebei province; rainwater; dissolved organic matter(DOM) ; parallel factor analysis; fluorescence regional integration; regression analysis
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Fig. 2 Spectral indices based on UV-vis of the rainwater DOM in summer
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C2 BOCAINTERE (BN 45.91% , B 8 & Tk i )
BIME 34. 14% . C3 W35G e 25 6] E AL R
FH2ES (P >0.05) , HALF ML IX A A X =F B (AN
20.83% ), BEML T IX (¥I{H N 24.38% ) I
FAHBHLIX (¥ N 25.27% ) (P <0.05) ; C3 4435
5 FERAR XS 3= FELE TR S R AR i 2 25 57

(P >0.05). C4 153560 B A X B 7R 23 ] |
oA 5 C3 473 5L BUR [R] 9 73 A AL, A2 25 ) |

AR EZEZS (P >0.05) , HAC AR X A A XS
B (B R 20. 88% ) , i K T b X (¥ {H A
23.54% ) il # A H IX (#9{H K 25. 16% (P <
0.05) ; i X4k C4 éﬂ%xfﬁ?ﬁf‘(ﬁﬁ% 2.96
R.U) KT & B ({5 3. 28 Re U)(P<
0.05), *HXTEEFT%E?IEJTT?E%%W(P >
0.05). 4% I, DOM-GL 43 75 %5 [ 4 Sy AT 2R
WBE(P S0 os') 1IN % Iﬂﬁfﬁ%%w(l’ <
0.05). #/ %1% € -

g jiﬁ7k DOM BEEADHHE [/

Table 2 / Charactenshc% of components in ramwatt;‘ DOM )

¢ P E/ E, /nm J-' f | / / Ll iy SCHR A/ nm
7 gt 260/400 e~ 1 Vit 252/39527)
| %) [ @ " 220/300 v A R 215 ~225/295 ~315(25. 2]
o: S 230/460 T kg 230(250) /430 (460) 3]
4 : 250/500 UVA RJETHB (5 ¥R im , 5 B AR ) 255/5053!1

2.3 FEFIICXIFE DOM 453 b K /v Af
FHIE

PEICIX IR HMT G S Tl 4310 43 A 15 B 4
4 FES fis. e  b L, S A gt b
ERAAEAE 2 22 5 AL TR BB DL S R AR S
VIR (PL, P2 Fl P4) K 76.02%. 74.14% LI K
75.64% 5 JLEB | HEB LK e T A 2 B S ) I ( P3
F1PS) N 23.98%, 25. 86% LA K 24.36% ; %5[6] 4%
M (PL~P5) HHEZEFARE (P >0.05,K5).
TE S 2 b 28 ) o R I 0 o ) o A7 7E
HXEFR(P<0.05) , Hr Wi B2 8 A (E R
68.79% ) W HEM T £ A (¥ME N 72.12% ) (P <
0.05) , M T B2 5 B Joe (Y948 Ry 31.21% )
FET SR (XIME RN 27.88% ) (P <0.05). 44y P1,
P3 I P5 7E4 & [ AF7E b 3 25 55 (P <0.05) X T
PLH 0T 5 e (1EN 22.38% ) BT £ 0

(¥E K 30.20% ) (P <0.05) ; % P3 #1P5 MMie,
iﬁﬁ?ﬁﬁtbﬁ%‘%%éﬁ(l) <0.05). Z& b, 9k IX 38k
U3 7R, DOM 20 43 76 25 (8] o0 A _LARAEAE i 3
ZF(P>0.05), FEHWSHMAHAREES (P <
0.05).
2.4 /K DOM 4 250 M
ARHIGE 53 BT AT R 43 Bk A S X AR 4y
A EIR DOM 443347 PCA 438 (K 6) . 2T F
T FIE) PCA 43817, B PR Al 43 B i e T Ak
AEAL Y 53.80% F1 27.91%, I B T R AR AL 1)
81.71% [ K 6(a) ]; &S MIALER , rh&EBAIEE HAFETE
25 (Adonis, P>0.05) il & A5 3 3%
25 (Adonis, P <0.01). 9% /64 4343 #i 4E A ] X
B, C1 A TE—%MR ., C2 f1 C4 Ao T =
ZRR . C3 Ui T4 4, C1 400 F PCAL
HYTEFA, C2, C3 A K C4 200 T PCAL [y
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Fig. 3  Distribution characteristics and fluorescence components identified by PARAFAC model in rainwater
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(P <0.05) 45 C3 A G415 52 9058 3 i A E (P
<0.05) ; HEARIRIR CL 4190 5K BAL, HE kg
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PS5 B E GAHSE, 5 P, P1 + P2 + P4 fil Fn280
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Fig. 5 Spatial and urban-rural distribution characteristics of FRI components in rainwater
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Table 3 Results of RDA of components of DOM based on PARAFAC and FRI in rainwater

IiH E3i] VIF RDAI RDA2 R? P

TN 7.43 -1.00 -0.06 0.33 <0. 001

PR NO; -N 4. -1. -0. .31 .01

T Tk ; 59 00 0.09 0.3 <0.0

NH; -N 6. 89 -1.00 -0.03 0.30 <0.01

NO, -N 1.32 -0.97 0.25 0.21 <0.05

TN 7.33 -0.98 0.21 0.29 <0.01

X IR 1 NO; -N 4.03 -0.90 0.43 0.32 <0.01

NH; -N 6.52 -0.99 0.15 0.25 <0.05
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1.70 ~2. 21 (& 9) , zs [l 43 A BALER b &R ¥
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FLIAH]1.94 +0. 11; SRS ] FI fF7E B2 57 (P <
0.05) , BT FI{H (1.88 +0.13) BFMET 2 K
(1.96 £0.11) , %W £ K X BRI K DOM 1y 1 4 4
FRAFSE5R T Xy b E 2R K DOM |
BIX {EZ25 4L 5y 0. 81 ~4. 80, 23 (] 3 Aii b AFETE
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Fig. 9 Distributions of spectral indices of rainwater DOM during summer
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Table 4  Regression analysis of water parameters and DOM components

Jrik B |15 75 78 R?
TN =0.26C1 -3.32C3 +4.71C4 - 1. 49 0.44*
bl NH,*-N =0. 15C1 -2.01C3 +2.87C4 -1.03 0.42*
NO; -N=0.11CI —1.72C3 +2. 11C4 - 0. 28 0.49 *
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