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BEAK I VERARI 3 K, SR 0.45 pm sz 8 A5t 8 SR R
K, B A B AP KBRS F 2 0 500 mL RAENH, 1)
T8 AR, 55 VRINA 1 182 2 mL, DA
FEREF I EIRITE . A KEERERA 4 C
LR IRAR P, FHI PRz i 28 5056 % 58 it

IKARZE ARSI SR T T30 s b T 5 9 R PR B
M SE R, A #ZE ICST1500 B (0 3% A3t
KR K Na', Ca®* il Mg™ #k i, | J1] J7 38 MIC &5
TG KA CUL SO Fk i, R At
J6RE B ENO; . NOFI NH &, i) R ik 5 1 A6
HCO; Ve o il FH B 5 55 28 AR BT A (ICP-MS,
FEBR KR MK A& Al Cu. Pb. Zn. Cr. Cd. Ni,
Mn Fl As Ve JE o Rl 43 R P K 0 Ak 2430500 348 43
Brai g, Akt #2318 25 6 BRAE, it AR IE
g i 3E A A R — ARk S KA BT
AR HE AR A5 F AR AR 25 KT 5%, inbr a3
FEHI7E 90%~110%.,

1.3 EMHhFAE
1.3.1 AHET ek

AL 255 1R 50K 2 AT A AR B — ok
PR PR R R IR 5 1 S A B R AR I A
AT R R FER A5 T2 45 20T 29 50



Bt Hoi A FEAE . IR I K B A R A 209

1
X4
[

L -ﬂ{ﬂ‘ﬂﬂ(ﬁﬁ =3
[ = s
‘.I:IfﬂTﬂ/ﬁﬁ

| |iﬂzT‘iﬂ%i§]§<tHD

/

|(I b7k 2 R A i

1 ARXBASRESTHRE
Fig. 1 Sketch of the study area and the sampling positions
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Table 1 Grading of Nemero comprehensive index
184y <0.80 =0.80~2.50 =2.50~4.25 =4.25~7.20 =7.20
V5 YL I 1| I 1Y% \
eS| 7N RAT BT L E M2z
Fx2 EBKERAMENER
Table 2 Index grades for irrigation applicability
NS5 NRSHEE ih S5 NS NRSHEH 15 SR
<20 EHEE <10 EHES
20~40 BiEA 10~18 BiEA
SC/% 40~60 by (mesﬁg ) 18~26 mE
60~80 AHfiE >26 R
>80 AEE
<1.25 EwEE >75 I 2EEHER)
RSC/meq'L" 1.25~2.50 WA PL/% 25~75 M£GES
>2.50 NEA <25 MAE(RES)

T FPEZRS VRN 45 2R AE 5 AN AR A S, AR
g/ NEE BRI o

100x (K* + Na'
SC 00 x ( J;Na) 2 @)
(K*+Na" +Ca™ + Mg™)
N +

SAR = a 5)

V(€2 +Mg™)/2
RSC = HCO; - (Ca™ +Mg™) (6)
pp_ 100X (Na’ + VHCO,) o

~ (Na'+Ca* +Mg™)

2 ZEREHMH

21 KikzEomHH

[EER(TE T B ) N N R B =R e g e
%3, KIK pH BAKA T 7.07~7.96, 0 55 B 7K
AN [6) f 3EH 4, 22 9 ZK F VT 7K v B - 24 9
JFh Ca® >Mg™ > Na' > K', Hitp Ca” iy F- ¥ 22 55 24
HES ST 50%, A E TR BB
T K M T AT rR e JBE DR /N3 A RS — B,
M KHCO; > SO, > Cl >NO; > NH; >F > NO,,

MR ZKHCO; > SO;” > NO; > Cl >NO, >F >NH},

HAHCO; ¥ Z w Y [ e T 50%, £
BN T A S K B bR o BR A, AN F T K
oONH ;B AR, 8 A AR Ao 3 O B 2 S2(11.27

mg-L") Al S4(2.41 mg-L"' il 7.46 mg-L ") LA K T %=
S4(2.66 mg'L™". 1.16 mg'L™" F1 1.23 mg-L™"), A%
FEEPEDE, KIEh & EIRIES IR I 4,
FEEEICE N AL, Mn, Zn, As, HiFemsK
AR 4 B ICEA Al Pb, Mn 1 As, H:HF Pb, Mn
Hl As SRR S T 0 2% H R K SR AR Y
4 JEICEA Al Pb, Zn, Cr, Mn Fll As, H:H' Al Pb,
Zn, Cr fl Mn EM EBIRF & TRE, NERITE
BT PP 2B AR R R, H KK R ZE A T
B2 M N K K B R T S

T T TR K A4S Y R BRI AR T
MV ShHER, 5  b X 52 4Rl T 20 A0 AR 3 15 7K HE K
. AR XN e Ik ik £, A 4R
FRABEIEIET 1Lk =, R B R EE P AENE X
FIPEALR . A LG Sh R B I5 Y & Pb. M,
Cr. As 2R &8, ZHEUN TS KR ISbR, B2
XoF e IR T ] 9 S b 2R K R b R K s — e BT R
T Y RS o RIS, FR R DX 43 bl DX Ak - L i AR
FRIX, R AR R 2 S RN 3R R A R AR
WER, MM RZERYINIB e 2, Gl
151 2 T 4R 15 e W) B i ok A VR T L T A A
FZEBR . W=l . I5 KT LA KGR 43S /K 7 J2 5 1 R
HHEA AT T K)Z, HAE S K Z R AT BRE B,
it B0 7 7K SCHb TR A, AR BT i HE B O A A
A V& K A <1 4, DA (S AR T b 0 RN ek HE
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Table 3 Statistics of the regular ions in Nandong underground river/mg-L™'
Fof 44 £S5 A ity pH K’ Na” ca®  Mg” CI so} HCO; NO; NO, NH{ F
K
RKME 778 11.64 1686 11570 2656 3872 14692 266.74 1139 145 746  0.71
o IME 7.07 1.94 136 33.86 13.74 258 3.74 109.52 nd nd nd 0.04
& SFHIE 7.41 492 1031 6525 1922 19.10 82.02 181.62 321 021 0.85 032
Frifi2E 0.20 2.66 560 2568 3.57 11.03 49.12 4489 376 052 227  0.19
S AL 0.03 0.54 054 039 0.9 0.58  0.60 025 117 252 265 0.6l
RRH 744 1071 2235 11140 2492  39.46 156.61 254.66 42.06 124 2.66  0.86
o IMA 6.84 3.04 244 3698 11.87 470 639 9641 nd nd nd 0.09
S SFEE 7.23 587 1232 6736 17.66 2465 9738 160.00 475 0.4 041 037
PR 0.16 2.53 6.33 2227 429 1064 5127 4785 1261 048 087 022
55 ZR AN 0.02 0.43 051 033 024 043  0.53 030 265 334 213 058
R K
RKME 7.96 3.7 33.87 9559 2210 18.69 69.88 31878 1138 2.66  nd 0.17
R/ME 7.15 0.63 137 80.18 14.47 196 12.56 279.75 558 0.002 nd 0.04
B LI 7.42 1.43 9.46 86.82 17.53 733 3883 301.16 874 034 / 0.09
PR 0.22 093 12,04 595 292 541 2231 1102 172 076 / 0.04
5 5 BN 0.03 0.65 127 007 017 0.74  0.57 0.04 020 227 / 0.47
RKME 7.59 471 4510 96.00 20.62 2534 87.10 29927 20.87 037 0.60 023
R/MHE 7.25 0.57 0.76 68.71 13.78 138 11.68 22192 268 nd nd nd
GES LI 7.40 1.69 921 82.00 1544 7.62 4414 27005 1149 0.03 005  0.11
PR 0.12 135 1386 815  2.02 679 2571 2754 551 0.6 033 0.6
5 2R AL 0.02 0.80 151 010 0.13 0.89  0.58 0.10 048 463 628 051
MK () 6~9 — — — — 250 250 — 4429 — 129 1.0
KEARE  HFK(D) 6585  — 200 — — 250 250 — 8857 329 064 1.0
AIERAIK 6585 — 200 250 250 — 4429 — 064 10

TE: ndFoR ARG, 7 FORTCHIE, “— FIRTCMN S H R, IR TR e Bz

TR 7K AT E e T DR B SRR, X
HE— 2GR T BIFSE X T K R i YR . A,
RS DX Ml 35 Sl HE ORI AR IR 0 7K SCHb B 4514
T FEWIE ORI E R T R bR E 2N . tAh,
U B U PN X A A FRRE 9%, Aol BV B A4 Ak
A0 A= 35 HE A 75 7K n] E R 2K o N A 32285k
P SRS NH B RS ECUS 25 Tl 2,
X 150 I R 2 FE I AR B K R T K R RS e B —
TEMFAEH

FFE XA R KR b g 0 A B R i 2= 1k
FRAE(E 2, [B13) . FEZRFIRT Zdth IRk i) Ca™ il
HCO; ¥ B e T M 2T K, He— 2 [ g i 2 7R AH X i
K S 32 [ TR s A I R 03l R
RS R R G K2R KA DA H o K

R = E SR KA AR T R 58 435 M 3R 7K i K
SO~ CIFT NH v B % 5 T Hb T oK, 3 5 32 TR
M 35 R B AR T HE O i P, R TS e T G
HEA MR IK R o 48 T T AL [A] B A AS [R] K A4
) 53 A B A AR AL R, bR & B TR, B
Hi MK ) Al, Mn, Pb 1 As ¥ SR m T T
WK, Cd EAH AL W ZEBR As Sh, e 8 Fi 4w
e B 34 B R R I K B AR R TR R K . MR
K AR R A Y A B UG R 5 5 [ X W A
SR E TR R, R s EN Ty
M 755 3l A0 A T Sh HE Y T5 G 4 T a2 K
I PH ARG, T R R R R
B S N R 187 R T 7 1 T = |1 o N
7 Wiy Fe K T 5 352 KA K AN, 3 fifi A5 Ak
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Table 4 Statistics of the metal concentrations in Nandong underground river/ug-L™'
g1 it Al Cu Pb Zn Cr Cd Ni Mn As
i K
RME 4514.00  20.60 43.80 4390  10.70 146 1090  1266.00  54.70
H/ME 9.90 0.17 nd nd 145 nd 0.78 5.33 1.98
[ EEE 440.65 2.16 3.91 3.35 2.97 0.33 2.85 151.47 9.73
Frifi2: 1095.81 4.93 11.00 16.00 2.18 0.33 2.28 304.64  13.28
SRR 2.49 2.28 2.82 477 0.74 0.99 0.80 2.01 1.36
IR % 37.50 0 6.25 0 0 0 0 3125 25.00
B&RE 582.00 1.66 1.67 6.06 232 nd 3.72 116.00  18.10
B/ ME 33.10 0.55 nd nd 1.10  nd 0.95 17.20 2.12
% FEME 200.89 1.20 0.63 1.66 1.72 / 2.38 55.22 6.18
b2z 162.01 0.36 0.46 1.63 0.41 / 0.69 30.62 4.88
TR 0.81 0.30 0.74 0.98 0.24 / 0.29 0.55 0.79
AT/ % 37.50 0 0 0 0 0 0 625 1875
Hi YK
wARME 130.00  0.75 1.08 291.00 570  61.00 291 2440  24.60
&/IMHE 12.10 nd nd nd 268 nd 1.88 2.44 0.09
[ FHIME 56.49 0.32 0.42 54.83 4.12 5.99 2.56 10.55 5.03
Frifi2E 34.18 0.28 0.23 85.53 1.02 1895 0.34 7.40 7.66
SRR 0.61 0.87 0.55 1.56 0.25 3.17 0.13 0.70 1.52
AR/ % 0 0 0 0 0 8.33 0 0 25.00
KRB 527400 2670  124.00  1311.00 851 2190 1390  2035.00  13.80
H/ME 19.90 nd nd nd 238 nd 1.88 2.54 0.20
s SFHE 1370.12 6.49 12.26 203.11 4.13 4.34 5.47 322.15 3.02
bRz 165696  10.12 38.50 439.51 1.81 7.88 3.97 592.32 431
55 ZR AL 1.21 1.56 3.14 2.16 0.44 1.82 0.73 1.84 1.43
AT/ % 75.00 0 8.33 8.33 0 33.33 0 33.33 8.33
HFEK — 1000 50 1000 50 5 — 100 50
IR BT Rk 200 1000 10 1000 50 5 20 100 10
HEIE K 200 1000 10 1000 50 5 20 100 10

TE: ndFoRAMEI H, “—" HTCAN S HIRUEN, 7 W Teit5ss

15 Y 5332 Wi AT P A0 T 3 R AT K
22 KER=EZH

T ) L T I AR TS AN B R LR 5. R
I ALK 748 B, b K R R AT 15
KN K. 2% NHE > SO;” > F > Cl >NOj >Na',
M ZESO > F >NH; > NO; > Cl > Na', it F [k
B AL AR T B4R 2 KONBUT . 2 ZESO; > NO; >
F >Na > CI > NH;, WiZ£S0; > NO; >F > NH; >
Na' > CI'. W ML bR B 6 2P 245 0 T 0.8,
Hi1F 3 7K NH; (22 ) . NOS (W9 Z2) fil F (W Z2) LU

s RAR IR R b

KK NH; (R 2R) i K550 T 0.80~2.50,
[ HEZR T K NH (5.78) e KA/ £ 2= T 2.50,
MNE FRFE bR A, B T b T T K TR A TR R
GO, H AR AR NH 2 52 M KR i 5 1 =224 47,
TR ML F K . MWK 4 JE T R 5 BT
2 KNI J: 5225 Al>Mn > As > Ni>Pb>Cd >
Cr> Cu>Zn, fiZ Al>Mn> As>Ni> Cr>Pb>Cd >
Cu > Zn, #b R 7K 42 & 70 48 B 3945 73 K/ it
Foh: 825 Cd> As> Al>Ni>Mn > Cr> Zn > Pb >
Cu, FiZ2 Al>Mn >Pb > As > Ni>Zn > Cr> Cu, H#i
F sk ALF Mn B8 ECT- 34975 70 B s T HE 7
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Fig. 2 Distribution characteristics of water components in Nandong underground river basin during the dry season
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FIF5E X PN 52 25 T RR 2 7K A K AL T B4 R DAL 25 5]
i HE3 3R 89.29% Fil 85.71%, Ab T4 2% K LT 44 51
S5 He R 7.14% T 14.29%, 56 W B Tl b T 3 ek
IR AR ST B AR AT, (A AE SR K T 22 X 3, H B
HEVESAARE . B3R TN 55 25 Fitk 25 H 5
P KR FEZ AT AE 5 7 4y KB Jp M R 1 Gl
13 A vb b ERoK S4. RN 27K B Ak T4 2 Il 22
S B K AR £y A e 8 A RN 9 A KSR Ty R R ]
HE G, 8 AFA R T 1 G2 DL K 8 H Fa il
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WK, bR K AR 2R S4 UK T H A 22 4%

P, FEIGYA Sk Al Mn A NHG, HF 7K 75 Y il
W5 R NS S HERL TS et A — e R AR,
S4 55 _FESE A bk X H A K X A4 8 G
B, BEK op R R AR R T REBE AL A Min 455
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oo o8 FH ) R0 LA B N2 A 39 35 s HIE 114 A4 3 35 7K O
FECT e B K NH R B T 1) — A E B R
A, T A M R T T G3 S S4 s B 45 AH [
AN SRR, 2B G3 SUK FAR KRR Z0F 58 X Pt
HRAT LU R AN 16 0 S HE RO e, HL RN 2R X 2T B
HETG AR 52 22, 32 5 B0 TR R I H K
AL Mn U BE RS 20 = — R . KRR
R G S KA B AR A ST 22, 4 1 7E Y 2,
X BEAZ IR Ui T T b 2 XK R K B R i, —
JiTE, 8 A9 HIEET 2, FEA i B HERUA
F14) IR IR AR XGE 28 R TSR 323 14 il 5 o — D T, 32 M XA
Qb i AR R R TR X, A K 2 B e
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Fig. 3 Distribution characteristics of water components in Nandong underground river basin during the rainy season
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Table 5 Water quality assessment in Nandong underground river basin
TR 5y MG 254
Na° CI' s0i NO; NH; F Al Cu Pb zZn Cr Cd Ni Mn As HEE?

W geita

K
FEME 005 008 033 007 067 032 220 0002  0.078 0.0036 0.06 0.068 0.14 141 0.19 1350
B BAKME 008 015 059 026 578 0.71 22.57 0.021  0.876 0.0439 021 0.292 0.55 12.66 1.09 11.369
F/MHE 001 001 0.01 0.001 0.01 0.04 0.05 0.0002 0.001 0.0004 0.03 0.006 0.04 0.05 0.04 0.171
FEME 006 010 039 0.11 032 037 1.00 0.001  0.013 0.0018 0.03 0.006 0.12 0.55 0.12 0.583
M BAME 011 016 063 095 206 0.86 291 0002  0.033 0.0061 0.05 0006 0.19 1.16 036 1473
H/ME 001 002 0.03 0.001 0.01 0.09 0.17 0.0006 0.001 0.0004 0.02 0.006 0.05 0.17 0.04 0.211

H R K
FEMAE 0.04 003 0.16 0.10 0.025 0.09 0.28 0.0003 0.043 0.055 0.08 1.198 0.13 0.11 0.50 0.834
B mAKME 017 007 028 0.13 0125 0.17 0.65 0.0008 0.108 0.291 0.11 12.200 0.15 0.24 246 6.119
H/MHE 001 001 0.05 0.06 0.016 0.04 0.06 0.0001 0.004 0.0004 0.05 0.006 0.09 0.02 0.0l 0.112
FEME 005 003 018 0.13 010 0.10 6.85 0.0065 1226 0203 0.08 0.87 027 322 030 4.089
W3 RAKME 023 0.10 035 024 094 023 2637 0.0267 12.400 1311 0.17 438 0.70 20.35 1.38 13.231
w/IMA 0.004 0.01 0.05 0.03 0.2 0.01 0.10 0.0001 0.004 0.0004 0.05 0.006 0.09 0.03 0.02 0.117

HWEARZ, OV HBO GRS AR FE S W AR Mo, ALFT Cd 25 ZF0 5 540 i o
b 3R K K G TR K Y, TR R R A RSP U R G2 SRR X L A TR X2
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Fig. 4 Spatio-temporal distributions of water quality in Nandong underground river basin during rain period
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Table 6 Distribution of irrigation applicability of Nandong underground river basin
- RS bR /mg L GBIt R /gL
pH Ccr F Cu Pb Zn Cr Cd As
R K
YN 7.78 38.72 0.71 20.60 43.80 43.90 10.70 1.46 54.70
R f/MA 7.07 2.58 0.04 0.17 nd nd 145 nd 1.98
F-HIE 7.41 19.10 0.32 2.16 3.91 3.35 2.97 0.33 9.73
RAE 7.44 39.46 0.86 1.66 1.67 6.06 232 nd 18.10
[EES %/ MH 6.84 4.70 0.09 0.55 nd nd 110  nd 2.12
FHIE 7.23 24.65 0.37 1.20 0.63 1.66 1.72 / 6.18
HFK
BRAE 7.96 18.69 0.17 0.75 1.08 291.00 570  61.00 24.60
B %/ MH 7.15 1.96 0.04 nd nd nd 268 nd 0.09
FHIE 7.42 7.33 0.09 0.32 0.42 54.83 4.12 5.99 5.03
YN 7.59 25.34 0.23 26.70 124.00 1311.00 851  21.90 13.80
[ES f/MA 7.25 138  nd nd nd nd 238 nd 0.20
FHE 7.40 7.62 0.11 6.49 12.26 203.11 4.13 4.34 3.02
s TKAE 5.5~8.5 350 2 500 200 2000 100 10 50
ﬁ;ﬁﬁ B 5.5~8.5 350 2 1 000 200 2000 100 10 100
Bk 5.5~8.5 350 2 1 000 200 2 000 100 10 50
nd—FRAFMGI H; 7 FoR I BAE; pHIGH
*7 ERTARBUKEERS A ENG R
Table 7 Assessment results of irrigation applicability of Nandong underground river basin
By SAR SC PI RCS Zh
HhFmK
[ I HiEA EEEA I GEA) EwEE WA
KGN LA LA IGER) EwEE A
— I HiEA EEEA I GEA) EwEE WA
KGN LA LA IGER) EwEE A
Hb K
[ SR LA LA IGER) EHEE A
ARG EwEE Lgrisy I GEA) EwEE WA
- SR LA LA IGER) EwEE A
KRG wiEA LSy MGER) EwEE A

B bR S B TR, BAEANFEUKE R B — @R
PEGM i 25 5 o MR K il B R A 4 s e R g
AR ZERTZ) . Pb(FZ) . Mn(F£EHT ZF) M
As(CREFITHZ), # PRk iR &R TR A
Al(FZ=) . Pb(MiZ) | Zn(WZ) | Cr(RFEMNZ) |
Mn(FZ2) Fll As(RZEFITHZE) .

(2) B ) b 0] 7 358 5 2 TR 22 K AR K T Ak T
RAF R UL EOm i Fe 430k 89.29% #11 85.71%, 4k T

B2 R LT GO 5 315 B Ry 7.14% F114.29%, KA
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TEES . HR A EEN MRS G S4 S K
M2 Gl. G2 1 G3 s H HLFE bR HH A NH ;X b e i
IKAK A 5, A BRI At FH ) /IR 2 BT
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Abstract The karst surface water and groundwater of Nandong underground river basin are vital water sources for
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agricultural and industrial production, and lives of residents in Honghe Hani and Yi Autonomous Prefecture in
Yunnan, Southwest China. With a growing public awareness of water environment and water safety, the evaluation of
karst water quality and irrigation applicability especially in agricultural regions is becoming increasingly necessary. In
this study, 32 samples of karst surface river water and 24 samples of underground river water were collected from
Nandong underground river basin during dry and rainy seasons. 11 inorganic regular ions (i.e., K', Na’, Ca>’, Mg*", CI,
SOﬁ‘, HCO;, NO;, NO,, NH;, and F') and 9 heavy metals (i.e., Al, Cu, Pb, Zn, Cr, Cd, Ni, Mn, and As) were analyzed
in these samples to investigate the water quality and irrigation applicability. Based on the measured concentrations of
the hydrochemical composition, the Nemerow composite index in combination with the four irrigation assessment
systems of sodium concentration (SC), sodium adsorption ratio (SAR), residual sodium carbonate (RSC), and
permeability index (PI) were applied to evaluate the karst water quality and irrigation applicability, respectively.
Results show that Ca’" and HCO; were identified as the major ions in both karst surface water and karst groundwater,
indicating weakly alkaline karst water in the study area. For karst surface water, among the 11 inorganic regular ions,
only NH; was found exceeding the maximum acceptable level for drinking water recommended by General
Administration of Quality Supervision, Inspection and Quarantine of the People's Republic of China. Meanwhile,
among the 9 heavy metals, the concentrations of Al, Pb, Mn, and As were evaluated as exceeding the maximum
acceptable level. Moreover, the rates of measured ions exceeding permitted levels in the dry season were generally
higher than those in the rainy season. For karst groundwater, the concentrations of Al, Pb, Zn, Cr, Mn, and As
exceeded the maximum acceptable levels, and the rates of these metals exceeding permitted levels in the rainy season
were generally higher than those in dry season. The nitrogen synthetic fertilizers might be a main cause of the increase
of NH concentration in karst surface water. High concentration of Al, Mn, and Cd in karst water were mainly caused
by large amounts of discharge from metal smelting, waste residue of mining, and open-pit mining. Furthermore, an
exposed surface environment of bedrock in some parts of this study area might be responsible for these components
exceeding the permitted levels due to the lack of surface decontamination of pollutants. The karst water quality
belonging to the good grade or above accounted for 89.29% and 85.71% of the total water samples collected during the
dry season and the rainy season, respectively, and the quality belonging to poor grade or below accounted for 7.14%
and 14.29%, respectively. Hence, the karst water quality in Nandong underground river basin was generally high based
on the results of the assessment of karst water quality. However, some cases of poor-quality karst water were found in
parts of our study area (e.g., G1 and S4 sampling sites in the dry season and G1, G2, and G3 sampling sites in the rainy
season), accompanied by the seasonal differences in karst water pollution. According to the permitted level for
irrigation water and the results of SC, SAR, RSC, and PI assessments, most of the karst water in Nandong underground
river basin was generally suitable for irrigation. However, it is noted that the concentration of As (54.70 pg-L™") in the
sampling site of surface water (i.e., S3) exceeded the permitted level for the irrigation of vegetables and water crops in
the dry season, thereby being no longer suitable for irrigation. Our results suggest that the high concentrations of metal
compositions (e.g., Al, Pb, Mn, and As) should be controlled by some targeted measures to prevent further metal
pollution in karst water of Nandong underground river basin. Our study also provides an integrated method for the

comprehensive understanding of water quality in karst surface water and groundwater.

Key words Nandong underground river basin, inorganic regular ions, metal, water quality assessment, irrigation

applicability
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