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Abstract:[Objective] As an important water supply source in Beijing, Karst groundwater played
an irreplaceable role in the security of urban water supply and ecological environment
improvement in Beijing city. [Methods] Based on the laboratory data of 278 karst groundwater
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samples collected systematically in Beijing karst water system in June 2021, the single factor
quality evaluation and multi-factor comprehensive evaluation of karst water were carried out with
karst water system as the unit, and the organic indexes were counted and analyzed for the first
time. [Results] (1) The medians of pH, TDS and TH concentration of karst water in Beijing are
7.69, 334.77 mg L and 262.01 mg L respectively, which are characterized by weak alkalinity,
low salinity and low hardness. The concentration of TH, TDS, SO,* and CI" in Daxing-Tongzhou
karst water system and Xishan karst water system are significantly higher than those in other karst
water systems. (2) From large to small, the detection rate of unconventional indicators is:
benzopyrene (4.32%) > tribromomethane (3.60%) > xylene (totalamount) ( 2.52%).The
distribution of organic matter detection is relatively scattered and should be given sufficient
attention.(3) The results of groundwater quality evaluation show that the total proportion of class
I-111 karst water quality in Beijing is 82.01%, with an exceeding rate of 17.99%. The exceeding
points are mainly concentrated at the boundary between mountainous areas and plain area.The
overstandard rate of each system was Daxing-Tongzhou (75.00%) > Beiwu (60.00%) >
Changping (18.18%) >Xishan (16.94%) >Shunping (16.00%) >Qianjiadian-Jiuduhe (15.56%)
> Yanging (11.76%). Among them, Fe, TH, NHs-N, Mn, SO,%, F andNOs-N are the main
indexes affecting groundwater quality in Beijing. (4) In order to protect andimprovethe karst water
ecological environment practically, methods such as strengthening water conservation to increase
recharge, control point source and non-point source pollution to reduce pollutant input, continue
monitoring and give play to early warning, and widely publicize and enhance public awareness
should be appliedsystematically in the future.

Keywords: karst water system; single factor quality evaluation; multi-factor quality evaluation;
hydrochemical characteristics; eco-environment, hydrogeological survey engineering; Beijing
Highlights: For the first time, single factor and multi factors quality evaluations of karst water
were conducted based on system theory in Beijing, and hydrochemical types were systematically
compared; The main environmental issues and characteristic indicators of karst water were
identified; The detection and exceeding of organic indicators wereanalyzed for the first time in the
study area; The countermeasures and suggestions for the protection of karst water environment
were proposed according to the findings in this study

About the first author:GUO Gaoxuan, male, born in 1979, Ph.D, seniorengineer,mainly engaged
in investigations and research in hydrology, environmental geology, and ecological geology.

Fund support: Supported byBeijing Ten Million Talents Project (No. 2020A55); Project of
Beijing Municipal Commission of Science and Technology: Research and Demonstration on Key
Technologies of Groundwater Restoration in the West of Beijing (N0.Z2221100005222014);
Project of Beijing Association for Science and Technology Academic Demonstration: Evolution of
karst fissure water environment and its ecological effect in the Western Mountains of Beijing.

1518

[ 2007 E5 ) “H-ER7 SR A SO AR DR, R EAES SRS IR R
T S E FFA e . A RGN E VAL « R SRS SR T — AR L A 2R K &R
G (§EAE, 2003; HHutigsE, 2021) , 18 “IIKMRHEBIEYD” RguynB TREY, £S
Hi B L R . SEATEEIIE T o R AES RGP NBUR . BTG IR R KR
WL S RGP WO E B A SR T, 22 514 2 A S R A AR I & A e R sk
VA2 R R )R T IR T AT R G R X AR AR TR XN PR3 R 7K B S v SR RS A
BUEFFONEMA G (FRWS, 2020; BE%, 2021) . JbatRREREH, JbaT 2017
ERAT BT SRR (2016 4F-2035 4F) ) RlsE 7 11100km? AR ATRFRIX, TR
XA FAE P ALES 1L X, WA B B AR SRR, R EERKERREX . SRR X

2/ 17




WHL T KL KO8, 0 A0) 2 AR RS KB R « iAW N /AKEF R EIL
3.5 12 m®, FE AR i R AR P KRN AR 26 T KO T 45 56 BB T (R dTa%, 2011 ¥Ewn%T,
2012) . 2021 4F, JbEmi NRBUFEAT (AR AESME X ASRP AR R
2022 FERAT (AL WS Z &K BETE (2021 £—2035 4£) ) Al (Jbatni B 25004
BEEMK) (2021 52035 ) ) , XEMRIFZBII LA, L NEFREME, 824
BRI SBE AR, #E )7 B FUA T K CRER A IR DO AT IR AN IR A

R B R K0 7 SR, VR 2 228 e G T B T A T SR 3 e G R 4155, 20145
2017) . HIEKARGR Sy (ERRLEE, 2016) « #MAENBEM (LRSS, 2020) « &K
BIKMERE (XA, 2017, RISRZESE, 2017) « fEIREALHE: (2252, 2019; Z5/NWh, 2017) .
RWEE (A, 1984; 25 RIG%%, 2019)  NATFR (GI/NEH, 2014; JLEESE, 2011;
FReLrsE, 2011) MIEERE S (FARESE, 2019; LIRS, 2021; RUR%2016; Z{HE
&, 2012) S5 TR, WS TRZ IR . DUEX ST AR R, EMNEBE W
AN AE L X 5 i KRB o B MR FLAE S AR, H ANE AR WARIE » Jb A K B Ay
FRIKHBLAURE, AR R HI3E E v R KRR oA HEe 5 & SR, a5 K
A ARRAE CRAFEEE, 2019; mhss, 2019) , B SRS /KENISMERRE, MmE
ZFEM A R BT S ek s ia A CRAKCT5E, 2010) o b R K KALSARF T2 3EA T HL R
AT R VAT V5 G KU PEAG FN IR B 1) B 28, A B T s o T KR S Ak i AR A AR £k
A, TIEAS LA (Usunoff et al.1989; JLIEFELSE, 1993) .

A FARFCAC T H R K W 4%, JE I e EE N RGCRAE, i T 2T AN E RS A
FIKERIKACERHAE . PR T HU R KB &, DA RME ORI AG B AR R A K, RIS
NAESHERY . EHANA R AR

2 R XA

R ARG ER, A A KR R T A — R RGN 16 N =R ARG T Hes %%, 2016) .
PRI 25 2 B R AL . PR TR M7 25 A TAK, MU ANZ) 6600km?. #REE T 2866 km?,
FEATAC R P LXK . 35 1107 km?, 40 TR -8 . 78 =7 3167 km?,
FEAAVELFR N . AR EACEHATER 5 KMAAHESTKEH. i REABE
AKEH, ERR (FHAORTILALD) FHSKEH. BERAES/KEHMERRS S
WEKAEH, UK AEMAS AN, EEBEKaH AL, 5HIFHRBKRE T
TIRE (RERATE. BRR) « ake (FERAXEGE. Zillia. BRE) fRCE
FREE) 2 (D o (X #EMPEHKEEERES KAREANSHEG, S5 ZRELAE
AR BRE. THAEEEREAFRAENRKNE SR BN ERKEEE FEEN
AN, SR 2 ) 5 v 7K 3 LSRN ) A2 YL AR AT & 7K 2 BRI SRS A o HEMEE 1L X
FEVRAKEFREIFRAE, PR 2 P KRR RN 3

3HIEERE

2021 4F 5—6 H , fEAb 5T A3 R AL A R AL N /KA 278 11, Forh R i 268 14,
R 60~1900m, JR/AKHEAL 10 £F (Bl 1. X 1, srtrfeiedads 59 B (£ 2) . 10 4bRK
GNP LA K RGN REKIR . SR A N IR R R . REAMIR .
XEAKRR; FREEKRG R MR RN, T 55U RS HE SR 05 SR AN LE
R K R GE I TR SR .

HORERT, — Mot AR 3 5 R K &, 2 5 B R A 35 20 2 S 50K s Il e X
MWE pH. KR (T) « BHEE (EC) &%, BN, KA 2 A —kEErbiE, HIEEKE
VEURE 3 X, BRI BRI, DI B FRIEEMER . AR 8 O &
o U B RS R bR SR 2 MEEIEER, BUREE 2 A NS BN, LEREEA
AN, DLAIE R T . SRR R 3 S 100ml —RVEEERNE,  BURE S 430
IINZRER . EhERAIALER, DAIARR. B B, Ak, 6. AR HR. BE. BB 4R. 4 Db
FE A ST AR S IR A BR A S HEAT SR o SR FH 2R 20 BRI WA 4 SE A S ML
PREIEEN. KR, HEEEDESA RS FERFE, FKFREYE 3 UG 30 KA, %
BB CRIRARAE, 1B AL Ty H SR B W I BT Ik

3/ 17



% Legend
14K KRG Karst water system

TEPE 4%
Yanging karst w.

BEEHE

KPe-il 5 K R4
Daxing-Tongzhou karst water system

oy
b
oF

41 Aquifer group
R FRER
Cambrian karst water rock group

A Gk

Fuwali conglomerate karst water rock group

K G

Great Wall karst water rock group

g 4

Ordo

i Bl

Luoji County karst water rock group

Ak

Fractured water rock group

3 & Others

RUNOE

[EPNG LTS
District People 's Government Station

[o]
HIEAK RS R
Boundary of karst water system

waters

. HAETHR
Provincial and municipal boundaries

Bl denCaRK RGRIG B Rt R AR B

Fig. 1 Map of karst water system division and sampling point distribution in Beijing
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Table 1 Quantity distribution of sampling points of each karst water system
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Table 2 List of karst water sample Test indexes
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Fig.2 Piper diagram of hadrochemical parameters
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R3 MIREMTKEZUFERDRIT
Table 3 Statistics of main chemical constituents of groundwater in the study area

ARG pH TDS TH EC DO Na* K* ca? Mg cr S0,Z  HCO;  CO NH3-N  NO;-N
P 821 219.60  151.00  390.60 0.38 22.94 5.03 2541  21.28 1869 1403 18714  9.12 0.68 2.04
1% e 2 0.72 4957 68.06 83.95 0.37 10.18 4.35 21.96 6.40 9.60 1389 8541  17.24 1.08 4.15
(N=5) R/ME S 749 18200  71.00 320.00 0.16 9.70 0.95 6.86 10.20 8.97 1.30 42.70 0.00 0.02 0.10
B 9.40 288.00 24500  506.00 1.04 3760 11.90 6090 2660 3460 2960 251.00  39.60 2.52 9.47
T 761 31521 268.30  546.67 0.36 11.34 2.01 6286  27.02 1961 3214 25758  0.00 0.07 7.13
EEa brEfRZE  0.13 84.28 61.46 127.34 0.42 5.85 1.25 16.50 7.58 1358 2460  36.40 0.00 0.13 5.23
(N=33) B/ME 731 21500 17400 402.00 0.07 3.43 0.69 22.70 7.84 3.16 297 14300  0.00 0.01 0.41

=N 7.85 542.00  426.00 840.00 1.68 26.50 6.63 98.90 45.90 5290 114.00 359.00 0.00 0.71 21.80

“FME 7.40 543.25 405.50 934.00 0.29 42.95 2.13 96.62 39.95 71.90 68.72 369.25 0.00 0.02 8.33
FeNLSE M PRz 0.17 209.85 147.30 326.39 0.19 12.03 0.51 40.10 11.87 51.74 32.83 57.03 0.00 0.01 9.38
(N=4) /MA 7.28 323.00 253.00 577.00 0.14 31.30 1.44 51.70 30.00 27.30 35.60  286.00 0.00 0.01 0.47

=N 7.65 791.00  585.00 1300.00 0.56 54.40 2.60 143.00 55.60 131.00 108.00 414.00 0.00 0.03 20.30

. P 7.78 28598 23576  494.89 0.48 12.37 2.23 5958 2112 1461  37.08 23151  2.72 0.03 4.75
FHIE- L
PER WERZ 0.38 77.36 75.42 131.43 0.67 11.89 2.07 19.40 9.73 1178  17.76 7191 8.54 0.03 3.88
(N=45) .
H/ME 6.86 66.00 38.00 116.00 0.09 2.84 0.37 9.61 1.62 1.69 5.67 63.50 0.00 0.01 0.26

717



B 915 52600 45500 89200 373 7950 1310 11200 4820 4910 7770 38000 5520 016  20.10
THIE 771 25674 227.00 45554 042 747 163 4893 2546 1076 1810 23954 173 014 5.25
Wy ARERZ 031 5838 5693 9620 060 495 110 1550 570 632 1001 6382 597 042 3.61
(N=50fF) g\ 720 12800 9300 23500 006 28 070 1030 915 38 306 8910 000 001 0.12
BKf 882 42000 37700 71900 395 2580 811 9110 3620 3480 5480 391.00 2880 281  17.70
PYfE 7.63 40420 29596 67640 045 3125 212 7524 2625 3723 8183 25683 120 007 4.80
T bR 036 19058 10370 297.94 049 3701 165 3025 1025 4414 6952 7615 689  0.21 3.99
(N=124) g 609 7.00 0.50 18.60 005 207 004 039 001 109 105 366 000 001 0.10
BAfi 912 93400 55100 149000 319 14200 1150 16300 47.80 16800 270.00 41200 5160 183  20.70
P 7.85 20971 17353 37112 018 1312 110 4345 1583 914 1578 20457 071 0.2 1.97
S WMz 045 6967  80.63 12558 005 1221 047 1684 1002 571 1068 8586 199  0.02 2.10
(N=17) g g 716 10300 1200 18600 007 378 056 480 000 357 241 6590 000 0.1 0.00
WK 935 36400 337.00 62900 031 5420 255  77.80 3470 2430 4180 32600 600  0.07 9.52
PYE 769 33477 26201 57179 042 2047 203 6397 2484 2516 5178 24688 149 008 4.98
4fp WEMR% 036 15752 9602 24733 052 2765 168  27.38 971 3347 5571 7303 672 0.8 422
(N=278) g\ 609 700 7423 1860 005 207 004 039 000 109 105 366 000 001 0.00
ISONIE] 940 93400 585.00  1490.00 395 142,00 13.10 163.00 5560 168.00 270.00 41400 55.20 2.81 21.80

TE: pH NTLEN,

EC Aus+cm®, HAHA A Mg« L?
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s (MR EARAE)  (GBIT 14848-2017) , EHUR B S (FREVEME. B
W W SED 36 Wi, JEH HFRFR 15 TR TR T IR bR iITAN FIZE & VP
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IEBIMISEARME, 96.42% 17K KR NHa-N 2 Sk BIZRARAE, 97.13%I/KFE) Mn & 213
TTIEARAE, 98.21%I7/KFEMT NOg-N. SO F F & ik BN AZHE, 98.92%[K/KFEN) DO &
EILPIMRbRUE . AEH ISR 455, B 1,2- & b LLAME PRI & 20 A BT ARHE,
M 1,2- SN KE T 251 98.92%, 11254 0.00%. 12574 0.72%, V5 0.35%.
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JEE L . @S0, HEARIE Bl BRe /N, BRI RS AT X, PR AT A 3 B T i X
Fish FRTFEMREX, WEFBERNMP R, =88R, SR, ARZAMNEER. HdamRr
RAMRD ZRGHEEEMZ, BETEHERENMN, EHFRIBEFEEN. BHEEH, &
JEVERRT KT, SRR SOZ T (BKF, 2013, 2015) . ®Fe. NHa-N fil F 25 =
ANEFRE AR R TV IShanE, TDS &t TIIERArdE, 1 -1138 & Ehik 86.7%.
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Fig.4Results of quality evaluation by single indexes (a: Fe; b: TH; ¢c: NH,-N; d: Mn; e: SO, f: NOsN)
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