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Study on quality characteristics of artificial supplementary surface
water and surrounding groundwater in Yufuhe River of Jinan
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Abstract In order to study the impact of the Jinan artificial replenishment project of Yufuhe River
on groundwater quality, the surface water of the Yufuhe River and the groundwater samples of its
area of were collected for detection research. In addition to the determination of some conventional
inorganic chemicals in the research, liquid chromatography-organic carbon-organic nitrogen detector

(LC-OCD-OND) and three-dimensional fluorescence spectroscopy (EEMs) technology were used to
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determine dissolved organic carbon (DOC) and its different molecular weight components
distribution and fluorescent components. The research results show that the chemical types of surface
water and groundwater are both HCO3-Ca+*Na type. Except for K, Mg and F, the concentration of
inorganic ions in groundwater is higher than that of surface water. The DOM and its different
molecular weight components and fluorescent components in surface water are higher than those in
groundwater, but the dominant fluorescent components of the two are different. The formation
potential of disinfection by-products ( DBPFP ) in surface water is much higher than that in
groundwater. Four indicators, including humus (HS), humus degradation products (BB), and humus-
like fluorescent components C1 and C2, are significantly related to DBPFP. The humus carbon-to-
nitrogen ratio (HS-C/N) value indicates that the organic matter in groundwater is affected to a certain
extent by the replenishing surface water, but the two still maintain their respective typical water
quality characteristics. Surface water is dominated by organic matter indicators, while inorganic
compounds in groundwater account for The advantages prove that the artificial replenishment project
has not significantly changed the quality of groundwater at this stage. In order to prevent the
occurrence of potential pollution risks of groundwater caused by long-term artificial replenishment,
long-term systematic monitoring and analysis of replenishment water and groundwater in this area
should be carried out.

Keywords artificial replenishment, dissolved organic matter, different molecular weight

components distribution, fluorescent components, principal component analysis.
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Fig.1 Yufuhe watershed map and location distribution of sampling

(Dot represents groundwater and square represents surface water)

1.2 HEACRES T

A 5T R AL IKAE 4 0, RAEJR B 1 AR, SRAERT [R] 4351 5 2020 4F 9 H . 1 H fi1 2021 4: 5 A |
9 H.REES S WLIE 1, B UCREE L AKIKAE 34, RAEHL A 20500 B AR -E R (14) . EFF-FE 7K
JETEA G 11 (2#), FAFI - S R B (3#) 5 SRAEHL T /KIKAE 6 4, RAEML S/ KD KK (44) | S E
(5#), B (6#) . BT (7#) . V5V T 74 (8%) MRS D (9#) . AT WFE R B, EAF W T [0l 8 R 552
O LG AT B L U R T T DX R PE R - 7K, Aot AT i R e e K, PR, SRR 6
AR S 3 A T R AT . R it SR A R R A4 BE AR 3 TR T K s A 36 5 1 FK AR R A 5 I
77 )(GB/T 5750.2-2006) $17.

AHEIE B BRI FE bR R L Bh L A5 BE L BRIREL . Sk . EARIREL . SRR . WAkW . RERE .
SRR W WA MR (DOC) | TR HRHIE . S HESONIE . =k B e A A,
R 28 b A A 00 v e R AR 0 AR K R E R 56 7775 ) (GBY/T 5750-2006) $447. UV,s4. DOC, 431
HEOPRRIE . =4O B UV-1800 £240/1] WL 436 B i . LC-OCD-OND F1 F-2700 = 4 %¢
AT A2

2 R 58 (Results and discussion)

2.1 FEAHLFEPRAHE

F 15T 28 K Y B A BEAL AR AE 15 5. #bFE K pH (B 7E 8.15—8.36, Hb T 7K B SR kR S 4 K ik
pH 1R 8.22, HA A KT 8.00, /N T HuF /K . Hu T 7K HEL 5 58 R G A B 43 51 656—1157 pS-em™ Fll
288—551 mg-L', #y i F b 3K, R AL & m TRk, ORI Wil 2 5628, 2 205
R R R B 55 A, bR K H B B R BRI oA Ca>Na>Mg>K, B & ik BE i 5 24 HCO5 > SO ~>
Cl>F, E%H. BB T390 Ca il HCOy, IZHHIE 53 3K —5, Wi {242 HCO,-Ca-Na .
HiZFRIK K, Mg ¥ BE W& =5 T 1l R 7K, i Na A1 Ca WIAH R . B F 41, HCO5 ™. SO, Fil CI— 5 ¥k i 34 Ay i
KR TR K.
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Table 1 Basic physical and chemical characteristics

KRE o SR B

Sl 7;21‘)1_ iy (uSem?) (mgl') NHeN/ NO;/ NO,/ K/ Na/ Ca/ Mg HCOy F/ CI/ SO/
Sample 01 P Specific  Total  (mg-L ") (mg'L™) (mg'L™) (mg L) (mg-L ) (mgrL ") (L) (mg-L ") (mg L) (mg L) (mer L)
type € conductance hardness
Wk MOBIS 642 288 005 209 0012 65 257 8.5 205 200 022 305 124
Surface 2# 830 633 282 005 214 0013 63 257 736 222 183 021 286 118
Walet 3 836 638 281 003 210 0008 61 249 717 207 180 020 298 118
4% 822 656 288 004 250 ND 58 275 808 204 193 021 323 123
54770 820 296 ND. 329 ND 34 623 1025 182 230 0.8 640 161
WFK e 768 874 331 ND. 417 ND 30 573 1136 186 225 0.7 796 171
Ground-
water T4 753 844 337 ND. 1390 ND 29 251 1493 168 279 030 520 150
8# 744 1157 551 N.D. 3715 ND 19 311 2110 205 295 0.9 883 148
9% 786 759 3055 ND. 332 ND 40 404 892 19.6 222 025 470 142
E S i
e TR
Reliable
. 0.01 1 003 005 0005 07 005 001 0002 1 005 0.1 1
Quantit-
ation
Limit

H SR AR R BTE S L ZFIE A7, AR S Z B E AT 1 LA s RS E R T 547 4 4L
PR HP 2 DL R 3R & (NOs-N) Ok &, MR EEVE 20 518 2.09—2.14 mg L' f13.29—37.15 mg L', Hi3%
IRV BE AR AR /)N, T 7K DR SR A i A (R e B 2 S A R, VU Ve VY B i o, R O b R K R A A o )
(GB/T 14848-2017) VIZE bR EELR . SRAE b s b A A AE Y AR X R 2R S A X, Rl AR A 3t il A=
T 5 7K N Bl ) 2 A6 1) R HE O RT BB 12 X b 2 7K NOs-N B9 FEZR AN 1, b /K Fp & & (NH,-N) iR
FERaE, &N 0.03—0.05 mg L', AR EE AL (NOL,-N) # £ >4 0.008—0.013 mg-L ™, 1 7K Ff A& A5 H
NH,-N #1 NO,-N.

22 fHEtR
2.2.1 DOC K 4rF a5 Pk

LC-OCD-OND!" i it ]t HEBH 2,38 £ /K B DOM $2 43 7 K/NHEAT 20 B i br, A e il 2R 9
K4rF(BP) ., JEF B (HS) | JE 58 Rt =90 (BB) ANy 7 rh M B (LMWN) %5 4 Fil2l 321 8 (1] 2a),
¥JLL DOC & &if.

& 2b s, #iF K H DOC i 482—673 pg-L™', BP Jy 5—43 pg-L™', HS & 239—329 pg-L™,
BB & 107 —157 pg-L™', LMWN & 102 —158 pg-L™', % 4 4> 5 DOC It ] 70 % M 1% —6%.
47%—55%. 21%—24% 1 21%—25%; Hi & 7K H DOC 4 3103—3919 pg-L, BP & 545—991 pg-L™,
HS & 1471— 1671 pg-L™", BB & 565—672 pg-L™', LMWN & 520—583 ug-L™', (5 DOC I %l 43 %~
17%—25%, 43%—48%, 17%—19% Fl 15%—17%. b F /Kt DOC K £ 2H 43 v B B T i 22 7K, B
7% XA R R R, H K DOC PR S, BP AR W% . Hi2/K0m id A A 2 3 21 & K2
Fad FE o, DOC 15 BIAR ACHE BE Je Bk, [A] 4% 20 A0 AR 6T =F Bt = A= T A8 4k, o BP AR XS = B2 [ A1 R 3 e
K. WFGE R, #MIE K 1 DOC 784 A HH 3 Ao W BR RN A= 00 R e S5 4 T A5 31 5 B 1) BP 38 IAN R B9,
FE N RN AR 5, AT AR A A s TR R, BRI, K R ) 2 B SR R X BP A R
fit i 71, 1X T AE 2 BP 2 BR R 5 1 JR A U4, Rutlidge 25U i F§ LC-OCD-OND i/ 55 T A 1 S A [] i [X
i FEIK FHEL T 7K DOM (2 AR, & 30 b 3R /K8 4% 1 M T 7K B B2 v, 45 20 59 39 K [R) R B A1, G v
BP 41531 T B die S 3, B8 27 A M X R K TP R K 4 BP.
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AP EHRE) BERRAL, s E LB HS Al 5 e m v dl . AR R, 77
KL 5 R 1) DOM B 5 Bk W B, PRk ] A 0 R B 2 HS ARG 2280 ). 1B 3d SR Tk
K rf HS 4153 6 A HL B (HS-C/N) . C/N ] SRR 78 28 (1 0 % i, 28 1 2 4R sh A ) e 2L 1 %
RS, ARSI DOM B A [F i 202 AN RS, A B Bl V52 8 LR, O U5 S 2k A A 43 A 1)
B R C/N HAK. HS J& DOM = E 2 fl #8455, PR AT LA HS-C/N H[ i DOM K 5. 43 i HS 3
TR R Tl b = A A 4 (Bl VR R B, O/N Y LR 20—30, 32 R T /K i e S M i sh A 9 (P9 U3
KU I, C/NFEEN 8—15, 4T 15—20 Z RIS, W3 B 9 5 BTlkAH 51, iy (&1 2d w] 0, P2EoK H HS-
C/N W 430 Ry 15.6—21.2 F11 16.1—22.7, 3408 43530 4 18.1 A1 19.2, AT U i 1 oA I8 A 52 1 A AL
Yt P DOM BTEkAH 4. 55 4h, P287K o HS-C/N S E 2300, N —E R I £ W T 7K DOM 3% #b
TR K B .
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Fig.2 Chromatogram (a) and concentration (b) of each component of DOC, the value distribution of HS-SUVA (c) and HS-
C/N (d)

222 EHEFOGIERHE

Stedmon 1 Bro"”! #4021 1 47 P 20 B 72 A B ff M HILY) — 4k 58 SR 80H0 19 O 1k, ARt
FEAE A% 7 1 0 AR A 0 B AR i = R EOGEUIE AT A0, A5 B A 1A 3 TR By 4 964 43 C1L €2,
C3 T C4. C1 H A PIAFHIEIE, fie K Ex/Em J 1  240(310)nm/400 nm, S& 54 Y7 A 58 KRR IS
BT B0 C2 A 43 AT A R AR U, T 06 R YU 1Y) Ex/Em i K 2393 O 265 nm/470 nm H1 350 nm/
470 nm, 3 H BN A U I 0212425, €3 4143 ) LA AN I, Ex/Em 3K 43 51 225 nm)
340 nm F1 280 nm/340 nm, g2 (0 BR A [ T 25 22 C4 453 B Ex/Em 3% K4 270 nm/300 nm, K2
2R R R 1 o207,
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Fig.3 Contour plots of the four components identified from the complete EEM datasets (left) and the corresponding
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L 1 1]

excitation/emission for the four reoccurring PARAFAC components (right)

The spectral loadings consist of two independent halves of the dataset (blue and red dotted lines) and the complete dataset (black solid line)

W 4 Jras, WiZE7K DOM 5 YCW) i & i IS FIAFAE R 22 57 sk b C1, €2, C3 Fil C4 45 4 4>
PN o B KGR FE XK F 1R 7K (& 4a), BiBHZE G DOM & i T3 T /K, 5 DOC A il 25 5 —
. 4b WoR, HF K C1 AT C3 4143 IR 5 A5 650 BE 1Y 70%, 1% 2 R R 3t 6 AKOR UK F R ARk
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I, A TE KA K, FEOK AR DOM BEALHE IR 5 i (C1 41532k 5, X g2 B R E T
Pe(C3 A2k . Mo R 7K C1AD C2 243 T & AT | A2 650 B 38 80% LA L, 3 — 5 T R IR T H
FEK, — 7 T A UE T S B A A3 A S8 SRR B T C3 41 3 A b K b S iR, b R K O
KA. 2 C3 4 ol i A AT A T KRR, BT RE AR B S A T AR, X A R — B, T A
Wi C3 2173 19 53 1T -5 2 A P BUAE AR G
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Fig.4 Maximum fluorescence intensity (a) and relative content (b) of different fluorescence components

223 AHLFEARAH AL S B

%} BP, HS. BB, LMWN, CI, C2, C3, C4, HS-SUVA. CODy,,. UV,s,. DOC. = i [ B 1 il #
(THMFP) Fl 5 LR AE L # (DCAAFP) S A HLYIHR AR SEAT T AHOCHE S B, 36 2 0 T &AWL 645
Z [BIBAHSC R 2. HS . BB A1 LMWN 1) 3 A48 b5 AH B2 [0 % UJAH O¢, =3 v HS W & & Hor 7
K, T DAEWT BB(FEA A 7 v v BB Wk o HS 43077 4)) Al LMWN H HS i &, #
43 LMWN A 2K JE T BB 4143 HS [7] C1 Fl C2 ¢G4 43 1645 H 20 M 7 2k v %o 1 J8§ A i 41 4y, &A1
S EAICOCHR. IR CLAN C2 RN, (E B AT B YD AH G OC Z 3R W1 AT 58 52 AH W] X 2 i 24,
/B S B T AE A7 LT /K rh P 0 UIAH G PERY, HS-SUVA 5 C1 Al C2 4153 i ARG, BB
1795 7 A8 1 5 3 T HiAl 45 4% (ZH 43 ) . DOC I CODyy, [7] THMFP I DCAAFP 3% 41 ¢, H 3K
DBPFP i & T F /K, 26 B3 A HL4Y) vk 3 #7 , DBPFP # k™ 31, ) LC-OCD-OND #/iF 3£ %, DBP 5
4 T 2H 43 (9 FH D61 AR B/ NI T 2 BB>HS>LMWN>BP, 18] BB 1 HS 24 i DBP 19 & Zwiji4&4; LA
SHEVSCRIEEAKE, C1L I C2 41405 DBP MM R, —# 7] I FRAE /K& DBPFPR ¥,

R 2 A HLYFE bR SR

Table 2 Correlation matrix of organic matter index

BP HS BB LMWN ClI c2 c3 C4 Sﬁf}'A CODy, UVy; DOC THMFP DCAAFP
BP 107587 0.742 0.791" 0.739™  0.700" 0.752" 0491 0.468" 0730 0.568" 0702 0.621" 0.624"
HS 1 09917 0979 0.823" 0.855" 0752 0.394° 0.696™ 0.988™ 0769 0977 0956 0.930"
BB 1 0966" 0771 0.800” 0.703" 0352 0.651% 0.965° 0.717° 0981" 0966 0.947"
LMWN 1 0.840" 0.864™ 0.784 0389° 0.674" 0968 0.748" 0.939" 0.923" 0.878"
Cl 1 0951 0.954” 0508 0.795" 0868 0.765" 0.745" 0.732 0.617"
2 1 0.893" 0486" 0.821" 0.898" 0.771" 0.776" 0754 0.672"
c3 1 0448 0.676" 0.787" 0.686" 0.671" 0.670" 0.530"
c4 1 0389" 0433° 0423 0302 0279  0.268
HS-SUVA 1 0.756" 0.712° 0631% 0.671° 0.553"
CODMn 1 0809 0956" 0936 0.901"
UVasy 1 0758 0.725  0.680"
DOC 1 0948 0.963"
THMFP 1 0.915"
DCCAFP 1

TR0 1R COUN) - B AR IR ++7E0.057KF CRUl ) 1= 25 AR K.
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2.3 KA bR AT o b

TG AT T R — R S B R Ge it o i TR, BT, AR 205 3 U 2 B O g K
e 39 AKBFSY % E BP, HS. Cl1. C4, pH, NH,-N, K, Ca, Mg, Na, B 5% J##E  HCO, . F,
NO; . CI', SO,*. UV,s4. DOC, THMFP, DCAAFP Fl#E 2% 22 W8 bRibAT T F 4007, £ 3 5 T
IKFFE b RS A AT BT 25 R, BUORTT 3 A F U RHIEE KT 1, AT 2 A E R 2 kR T
22K % 71.98%, Ui BH 2 A~ 32 Ao RE S R RE S /0 Bidls, RIIL, S T8 TR fb A gt AR, e 2 A F
HEAT R ATT.

R 3 IKFFEER T AT BT AR

Table 3 Total variance interpretation of principal component analysis of water quality indicators

B " . T ) " . .
- FHIL(E T TR RBUTTIRR o FHILE T3 2E BT AV

Principal . . . Principal . . .
Eigenvalue Percentage of varianc ~ Cumulative Eigenvalue Percentage of varianc ~ Cumulative

Component Component

1 11.35733 51.62% 51.62% 12 0.11313 0.51% 98.80%

2 4.47767 20.35% 71.98% 13 0.08798 0.40% 99.20%

3 2.43275 11.06% 83.04% 14 0.05889 0.27% 99.47%

4 0.89466 4.07% 87.10% 15 0.04363 0.20% 99.67%

5 0.76532 3.48% 90.58% 16 0.03212 0.15% 99.82%

6 0.46994 2.14% 92.72% 17 0.01275 0.06% 99.87%

7 0.35438 1.61% 94.33% 18 0.00819 0.04% 99.91%

8 0.32121 1.46% 95.79% 19 0.00775 0.04% 99.95%

9 0.22235 1.01% 96.80% 20 0.00656 0.03% 99.98%

10 0.17368 0.79% 97.59% 21 0.00372 0.02% 99.99%

11 0.15468 0.70% 98.29% 22 0.00133 0.01% 100.00%

P AT T #4805 2 A M Z BB R, 1805 DGR, Fm AR S
WRMEEMREX — FEMD. 55— F o (PCL) M & P8 & B 38 b5 40 55 HS. DOC. DCAAFP,
THMFP, K fil pH 45 6 Wif54x, Ui B PC1 F W LL 48 F5; S CUA SO 555 — F 4 (PC2)
MRS =, REATRE PC2 BB RN XS, SR E, B 5 AR (PCL BT fe4h) 322 R A Pl 4
b, DA AR (PC2 FT7Ekh) F 2 R TCHLLE Y. PCL B IE 5 M Fm A LT i K K Fl pH Bk Bk, 71
J7 A WIAH 25 PC2 TE J7 [a) 3R/ B 52 38 . CIAN SO Mk 8k, 17 T 1] W AH Ji . Hb KoK Ak T4 5 iR — | g
SRR, M R OKANFEE . =R, o LLE 3K LA WL b A7 S, i oK AL A AR
BRI K TP ALY 32 B M KR, (U R KSR EL A R ff I A X 4 SRR, BN T MR
AR G AR b T KK T A R AR 5 AN, AR — R BOR AR R S R B R, 1B AS [R] SR A
], AN[R R AE 1S, [F]— 2R K K TR AE AR 22 57, TR DA FRoK B B g, 3 5 HOR IR [R] 4 6.

R4 PEEC2 A F RS B RLS A

Table 4 Component matrix of extracting two principal components

oy e
Water ;Eﬁ;ai];icators PCl Pe2 Water ;ﬁﬁ;ﬁi];icators PCl Pe2
BP 0.714  -0.181 SV -0.523  0.595

HS 0.950  -0.053 HCO; -0.849  0.210

Cl 0.731  -0.427 F 0.785  0.388

c4 0371 -0.208 NO;~ -0.522  0.567

pH 0.875  -0.180 cr 0437  0.855

NH,-N 0.737  -0.198 S04+ 0.513  0.719

K 0.935  0.139 UVss4 0.747  -0.181

Ca -0.694  0.469 DOC 0.962  0.073

Mg 0.717  0.544 THMFP 0.927  0.122

Na 0.687  0.483 DCAAFP 0.937  0.183

AL -0.002  0.944 B 0251 -0.530
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3 4518 (Conclusion)

(1) N TR e /K AR K K Ak 27 2 B2 o8 HCO5-CasNa B, Bk K Mg Al F 4k, 1R /K H el
B E T HEROK.

(2)#1F/K DOC B AN[R 43 F-H 443 BP. HS. BB Hl LMWN ¥ B DL K 4% 5 S 20 435 58 24 8 Tt
UK, F B AME R DOM 7R A0HT H A BIAR KRR B 2Bk, 5 A, MK B a4l 4y C1 AN C3 (i &
S, ML K CLAN C2 v S OLH, KB 3% DOM L5 fF7E 22 7.

(3) 37K DBPFP izt /= T4 T 7K, FAFJE 78 T 9 AH G5 b7 HS. BB, C1 Fl C2 5 EA T2 i EAH

(4) 1T 7K DOM 52 B #MJE K — & R 52, (3 F K AR B 45 H ARLERAE, #b K 3 4545
AL, LT K TEALE A A, R BN AR TR 1 A X b R AR B ™ A 3 e

(5) 5 RERHNA A E, N T AN TR 7 s 50, #MF/K AN K, B B b 7KK 5 9 52 i 473 58
B, AL BB oA Ol A I IS el it v, A1 et 2 K /K Jo 288 28 AR /K o 398 DR ] BB X i T 7K K BT Sk AN ]
WA R AE . PRIk, R ISORT TR AT N T AN K R L ot T AR B A T 0T sh 25 W, 57 1k K 6 T
IR A RS AE TS Y KU
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