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Chemical characteristics and quality evaluation of shallow groundwater
in a typical karst plateau basin of Guizhou province .
A case study of Houzhai river in Puding county
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Abstract; In order to investigate the shallow groundwater quality and chemistrical characteristics in
karst basin, twenty-eight shallow groundwater samples were collected from May to December in 2015

in Houzhai river basin, Puding county of Guizhou Province. Twenty indicators were determined
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seasonally including K*, Na*, Ca®, Mg®, HCO;, NO;-N, NH;-N,and so on. Duncan method was
employed to analyze the water chemistry features, and comprehensive evaluation methods of water
quality was applied to evaluate the quality of water. The results showed that the shallow groundwater
was slightly alkaline. The main anions were HCO;, SO; , and Cl™, and main cations were Ca’* and
Mg . Seasonal changes of C17, SO, K*, and TN followed the order of spring >summer>autumn,
but their contents increased during winter. The dynamics of HCO; was in the order of spring =
summer <autumn<winter, and NO;-N was summer <spring<autumn<winter.The contents of Na",
Mg were lower in autumn and winter. The contents of pH,NH}-N were lower in spring and autumn,
and presented “ N” type distribution from spring to winter. Hence, shallow groundwater has strong
seasonal variation in karst mountainous area. Comprehensive evaluation of water quality showed that
water quality in the autumn and winter seasons were better than spring and summer, and the overall
water quality was good for all seasons. However, single water quality analysis suggested that specific
water indicator exceeded the limit value of IV water in some sampling sites, which was mainly
attributed to the high Fe and NH;-N concentrations. The highest concentration of Fe was
1.2948 mg-L™", and the highest concentration of NH;-N was 0. 71 mg - L™'. These high
concentrations may be related to the human activities, which has a potential impact on the quality of
shallow groundwater.

Keywords : shallow groundwater, karst mountain, water chemical characteristics, water quality.
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1.1 WFE XA

Jo FET A T 5t M A M B A URY A e S5 SR it . b B 7 ' 105°407—105°49" E,26°12"—
26°18" N, HIFZY 81 km® , Jt ok b b 5 rp s JE PG & (14K VK B8 YT iE — 2090 SO S ER VT K R
it FZKIAT 22 (R4 43 7K b DX B R ER A ) R oA iR B 2 =& R G IR 4L (T2g) , At KA H
= R B U e I, )2 77 R 22 . 3 34 A< B s Ve UG, T4 5 B 1100—1400 m. % B IX
& T B 2 KU DX, A AR A2 B I A 30 15.2 °C AR BT i 1178.8 mm, fi 22 2 2L
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Fig.1 Schematic of Houzhai river basinwater system and sampling site distribution
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Table 1 The land use of sample sites and main pollution sources of shallow groundwater

TRJZ M K75 e EEOR I

P2 Re v 4 + R PR
. . . Main pollution sources
Sample sites East longitude North latitude Land use
of shallow groundwater
A 105°47'54.32" 26°15'22.86" JE R R JE B A T
L EARTIEE) 105°47'50.90" 26°15'5.71" K Jiti HEL
i .
et 105°46'5.04" 26°15'49.64" KM K T bR Jiti AL
BEATR 105°46'45.04" 26°14'1.72" MR e Jiti AL
-~ OE 105°46'11.84" 26°12'32.10" Fi Jiti AL
Uif . .
Ll 105°44'20.23" 26°13'22.26" JRE KH S JE R A e
T 53 105°41'18.26" 26°16'18.49" Sy KM Ak Jiti e

R 0 5 2 B KRR AR W DU 434 7 3 (S DU R ) ), pHL SR FH 38 B8 P A 7, TN R D 2 o A e
THAEER AN TR I A2, NOS-N SR F 48 043 ot B I s, NH-N SR 98 B 5 40 6ok B il e
o*%ﬁ%%@%%%ﬁ%ﬂ%(r%%ﬁ%%ﬁ%%%%Har%m%ﬁ%%ﬂﬁﬁﬁm%K+

" Ca® Mg” & Fe & Mn & Cu & Zn SRHATJA IR F IO EE RN E , B Pb L Cd SR JH A 284
E?%W%ﬁ%V%M B Hg B As SRR F26 002 , Cr® SR FH 2R Ak 5t — %%ﬁ%ﬁ%m
SI6 v R RGA 23 FVRRE S 2S 1, B S IMRESATR IR 1 AN e A TR B R 1R 227 FIFE £5% LAY
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Table 2 Individual components evaluation score

$8F5 Index I | I v A%
pH 6.5—8.5 55—6.5 8.5—9.0 <5.5>9.0
NO3-N/(mg-L™") <2.0 <5.0 <20 <30 >30
NH}-N/(mg-L™") <0.02 <0.02 <0.2 <0.5 >0.5
Cl™/(mg-L™") <50 <150 <250 <350 >350
803 /(mg-L71) <50 <150 <250 <350 >350
A Cu/(mg-L7™h) <0.01 <0.05 <1.0 <15 >1.5
M Fe/(mg-L™") <0.1 <0.2 <0.3 <2.0 >2.0
A Zn/(mg L") <0.05 <0.5 <1.0 <5.0 >5.0
A Mn/(mg-L7") <0.05 <0.05 <1.0 <15 >1.5
& As/(mg-L71) <0.005 <0.01 <0.05 <0.05 >0.05
M Hg/ (mg-L7") <0.00005 <0.0005 <0.001 <0.001 >0.001
A Pb/(mg-L7) <0.005 <0.01 <0.05 <0.1 >0.1
M Cd/(mg- L) <0.0001 <0.001 <0.01 <0.01 >0.01
Cr®/(mg-L7") <0.005 <0.01 <0.05 <0.1 >0.1
I S PN S F(53) 0 1 3 6 10

W F AR, A BRI 0P M EL RS {E F LRSI E F T3R5 R T

1 &
F=—>F (1)
n ;-
P F,
F=|—F (2)

WG FAEHESR LU N ALE (3 3) K3 KRG B 400, B K ER & B 70 5 9,
BRI R R B B s

R3O FKBUR SR

Table 3 Comprehensive quality evaluation

25 Grade F KB UL Water quality introduction

R <0.80 KRG 5 8 TR %

BT 0.80—<2.50 RARAGTY 5o 38 H T4 0 ik

Bt 2.50—<4.25 3 T AR h AR TR AR KK I8 B TR0l FH 7K

LE 4.25—<7.20 W3 FH A8l R 3 Tl FHAK A1 3 24 A B T A O 2 0 A K
e >7.20 REERA , HoE /K TR (B Rl

2 R 5178 (Results and discussion)

2.1 RJZEHLT KA AR 2 S AR AR

10T S A AR A R K AR T S AN R K e H AR R/ A3 i AR B AR
Hby, SR A JE R K R R AR R W, JE 2R R B B o HCO; SOy (CL, Hufk B A8 Ak
0 43R 192—338 mg-L™' 26—193 mg-L ™' F13.83—21 mg-L™". )\ _FIFE] R il HCO; AYMEE & TR
B SOT FEREAT T 26 T A B R, CL 3 i AR AU R X R BRI S T i, ZRAAE Bk 1
TR RGN, B R B K A S L HCOS S i RRENS | SO f7s Ak ) 55 2 45 P Y 43 A e
JE BRAE IR G B A O, i R TR M X M2 I R A 2 )2 R A )2 2 i SO B m 1y B R AL
FHEHE TR Ca® Mg™ , HF R 918 59—153 mg-L™' 12—50 mg- L™ 0] WL, J5 €30 i ik 2 b
TR TR, HCO,-Ca BN B WFFE X 3 A R B ARR SR 5 A b B, S 1 251 i 98 R W1 2 b
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AR ZE ST B A A R A . K Na™ & AN, K i 0.77—6.08 mg- L™ ,Na* i 0.64—
5.45 mg-L™", M\ BRI T i, H BT B 2 R Beta s N 3 B T i, BB b ok B 2 H AR D%
JAIF | KRR e A B e 40 BE Uit FH SRU M AR A3 BB A, S A AS bt I , K Na® (4 SR T | fifi 45 5
i B pH (H LA KR 7.51—8.23 , S B 1. A 1l IX 260 Ak 400 1) ot et ¥ B A2 16 NOS-N:0.07—
10.79 mg-L™" \NH}-N:0.02—0.71 mg-L™" TN:2.51—17.52 mg- L™, H B i ik J3 3 2 i R A 1% 0% s F
Al A= =Ry

Xof M7 R K R BB P RC R IR T 2 B I (R 4) , AR 4 ATLUE 1, C1 S0 K* |
TN BEHEZES>HZ>HE A ENEGETIRE HCO, £HE~HEEFhF<KZNO;-N REFHE T
<A ZENa" Mg BEMAERALpH NH,-N 2HFEFKERA, 4 AN TP 2N 8510 1,
PG ZE T, V2 T /K AT B I 5 AR R AR 3k 5 0l A 7 2 M 1 R AR A= — B0 JTANG
USRI S T R R AR LG, AR Bl AR AR 24 1 DR f P R e b T K T e P e R
575 1F S it FH AR I S5 431 25 1 st 3.

x4 WEHT BB A LA

Table 4 The main chemical composition of shallow groundwater

FEFR Index 2 Spring(n=7) B 7 Summer(n=7) FZE Autumn(n=7) K2 Winter(n=7)
pH 7.79+0.21a 8.02+0.13a 7.79+0.11ab 7.95+0.17b
NO3-N/(mg-L™") 3.8621.09ab 3.0422.87a 3.96+2.17ab 6.23+2.92b
TN/ (mg-L™") 8.70+5.15a 6.66+3.32a 6.10+3.75a 8.26+4.73a
NH;-N/(mg-L7") 0.17+0.10a 0.19+0.26a 0.08+0.06a 0.21+0.07a
Cl™/(mg-L™") 15.24+6.56a 10.79+4.16a 9.08+4.21a 11.975.51a
HCO3/(mg-L™") 235+13a 235£29a 262+26ab 273+36b
S0 /(mg-L7") 96+51a 67.18+28a 60+30a 69+28a
K*/(mg-L™") 3.63+1.53a 2.89+1.44a 2.48+125a 2.99+1.67a
Na*/(mg-L™") 2.88+1.06a 3.15+1.61a 1.71+1.09b 2.13+1.09ab
Ca®/(mg-L7") 106+28b 87+16a T1+1la 81+18a
Mg*/(mg-L™") 29+6a 32+11a 26+12a 27+9a

TE R R A AR e 2, T BEROR 20 UL (SSR) ISR | ) — 31 i S BN R A AL B2 18]35 3 P<0.05 19 @35 7K F-

Note ; Mean+SD ,and different letters in the same column significance at P<0.05 level based on multiple comparisons by SSR.

W R L X K ARG 3 B AR T B AR TG Al AR 7 R R E R K TS e
TG YRR O ORI P S e A B e X R B AR R T R R AR R R R T
B IR M 2 1 /K A2 B 5 AS [ 2 e ol 7 6 3 R o T 22 S G, A 1R 2
T KRB W S ) 2 AR AR VR Rl 7 RIS AT R ek 2 i T K B ) EE R R H
Mt AR B 5 NHE-N O NOS-N (99 26 R 5L i 3 A 62 AR R E B A R L2 1 Nk
NH;-N NO;-N By ik B, F8 5 T K Bk A OC, v ke L IX 2 R 2/, & ZRB R K
% F7KHEA VLS s 355 50 W TR i AR A P 1 HIBAERIR AL B IR A P
PIRYIE T, (i 32 A Y| 1 e = AR O SR, RV BE N B, 7K 3 2 0 B, MK/ TR 7K - 1
TK-H R 7K A S 8 R, 3R 53 I IR R AR JZ BT 7K, DT 0 V6 U2 b T K BT ST
IR Z LT K IS Yo W) AR B S BREE FR MR R G SRS, A W R A RS ) RS e
FIAE RS Y HGE AR T, 15 Y0 8 i V5 7K B A B A R K R4, Hh T3 L X Ak Al Kk
SCEEF K IR K A Pt — EE 5 YL A HA R R R AR T A AR 7R BRI v
L X2 M T K a1 5 g i PRI I K U ) i) 24 W B R L DX T R 82 R 1) Al
2.2 RZHT KR IEAN

itk — SRR Z MR OK BT AR AL, R A AR YERY 14 KA 2R 50 i AT B PP 45 R 3R
B, pH {HASALIE Sl 7.51—8.23,NO;-N & 0.07—10.79 mg- L™, NH}-N 4 0.01—0.71mg- L™, CI" }
3.82—21.40 mg-L™" S0 4 26.00—193.10 mg-L™", i Fe 4 0.0000—1.2948mg-L™", & Zn &y 0.0000—
0.0493 mg-L™", & Cu 24 0.0000—0.0128 mg-L™", & Mn Jy 0.0000—0.1258 mg-L™", i As 24 0.0005—
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0.0009 mg-L™", & Hg 4 0.00009—0.00030 mg-L™", & Pb & 0.0043—0.0053 mg-L™", & Cd & 0.0000—
0.00026 mg-L™",Cr* >4 0.0002—0.0022 mg-L™".Z M N /K P85 T A5 1 ( GB/T14848—93) ), M HLIG
WM KT, Fe NH;-N NO;-N SOT Btk BEH &, o Fe FlI NH-N #5335 IV 25 bR il i % i,
NO;-N SO Ay fm BT A M2RLUR e MAHEAn B4 [ | D 28hrELL N, 4R B He 76 1128
PAPIAI, HAxHm T 28, 3K T g 50 M A & R s A o6

KH 4 AT EITEE SR PPN S R WL AR 50K 5 TR B/ Z = K 22,
kAT R RIFIRE, FEIE 5 Fe Fl NH,-N A9 3 5 480 = 1052 e LK B2 5], L Fe Y B e ot de vk B
9 1.2948 mg-L™" NH;-N A = B BN 0.71 mg- L™ 3R 2R /K i HAA AR RS20 .

F5 W HEREH T AOK BN S

Table 5 Puding shallow groundwater quality evaluation results

5 H May 7 H July 9 H September 12 A December
pH 0 0 0 0
NO3-N 1 1 1 3
NH}-N 3 3 3 3
cl- 0 0 0 0
S0y 1 1 1 1
& Cu 0 0 0 0
TGS YRR B F, H Fe 6 6 3 3
S Zn 0 0 0 0
& Mn 0 0 0 0
B As 0 0 0 0
B Hg 1 1 1 1
S Ph 0 0 0 0
BCd 0 0 0 0
Cr® 0 0 0 0
F 0.86 0.86 0.64 0.78
GRT YR B R 4.28 4.28 2.17 2.19
1 EE B RAf R4

AL LA E 3BT AT 5 5 ZE i s e 2 T K B i %52 ) 6L Fe (NH-N NOS-N 520, 75 |
HBNRR B ZE B AT R R PR, EE RN A G872 F T MR A0 s % i At 3K,
AR Z= LR Rt AL D/, R B o B2 K, MR VR W 2 A A 280 T IR Rt oK, = =K
SR A LA /N | R M 7R B T AL e B L DA 5 0 A R it A 2 14 D 20 R S 2 M R UK
JKBE R S A TE A7, 33k 55300 0 A B g R A — B0 B R S S R R T L AR B
Mok ELE M R BT RSO (B AE SRRSO AT ROL) |
INTRIBEE BRI O A5 22 0 22 18 A A0 S 8 . T W 8 L DX K - A AT T B R A LA
P, T DX g S A5 D PR AR A 3 DX A 22 B D e 7 B RO T PR B8 U, JC R M B 3 s 26T
T FE AR 2255 0 P\ R B — | A D7 52, REAK I KRG 54 AR, 55 A
AHR ST PEL L, B AL A AT AR, HON 3 S WA O o A I A IS SR W L
NI RACY) S g Wk, TR S LR T AR e i AR B A 5%, AR SR e T
FAREIK I 10%—50% ", P A5 85 AV AR K o 1 398 1 L 2 o b 442 P B b 2 A2 T 140 77 A | DT B 1 92 2
TOKTG Y, Nt AR S T S e i L XK B A TR, o AR BRI A TR e e A B ST S

3 %51 ( Conclusion)

(1) ZEREHRFIL I, R FOK ERPIE T HCO; SOY (O, EZIE T Ca™ Mg™ KL
RILL HCO,-Ca BUH 3 K Na™ &5 ARE, pH 2.
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(2) TSR FE T, BeJ2 1 R/ AT W 1 2 5 AR (LA, ot 17 S0T K TN 2 %> B >k
& AEA BRI  HCO; BHE ~ HEHKELTNON RHFEHREMFEKENS Mg
KR TR pH  NH-N AR AR TRARAR 4 N Z5 35 i 2 N7 A3

(3) b F KB RO R BT RR L DM 2 RO i B s Bk AR5 BT, AL A, Fe
T NH N B0 55 T2 3420 TS K R 2K 00, B — 2 P I e, T A 4 B0, AR A 54
TR S BOK YRR AR RIS B A AR 1% DX A 35 FEIK R P A S T i e 4
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