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Analysis on pollution sources of epikarst spring water
in the upper reaches of Lianjiang River
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Guizhou Normal University, Guiyang, 550001, China; 2. Nuclear Institute of Geological Survey, Guizhou Nonferrous Metals and

Nuclear Tndustry Geological Exploration Bureau, Guiyang, 550001, China)

Abstract; In order to. clarify the hydrochemical characteristics and pollution sources of epikarst
spring water in the upper reaches of the Lianjiang River, seven epikarst springs in the area were
selected as research objects. The water temperature (T), electrical conductivity (EC), dissolved
oxygen (DO), pH, total nitrogen (TN), total phosphorus ( TP ), ammonia nitrogen ( NH,-N) ,
nitrate nitrogen( NO,-N) , and permanganate index (COD) were measured. The correlation between
hydrochemical parameters and area of cultivated land, residential land, and transportation land
within the radius of 200, 500 and 1000 m was studied. The results showed that: (1) The water TN
of 7 epikarst springs, the levels of TP, NH,-N, and NO;-N in water samples collected from epikarst
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spring in cultivated land exceeded the Surface Water Quality Standards of People’s Republic of
China( GB 3838-02), indicated that the epikarst spring water was mainly characterized by overall
high N and locally high P in in the upper reaches of the Lianjiang river. (2) Principal Component
Analysis (PCA) indicated that agricultural activities had an impact on TN, TP, NH,-N, NO,-N
and COD of epikarst spring water. (3) The area of cultivated land within a radius of 200 m had a
significant positive correlation with TP and NH,-N, suggesting that agricultural activities were the
main source of N and P of spring water. Within a radius of 500 m, the area of the residential land
had a significantly positive correlation with EC, which showed that human settlement caused complex
ion components in epikarst spring water. From the perspective of protecting drinking springs, it was
recommended to reduce the intensity and frequency of agricultural activities within a radius of
200 m, and control population density and daily sewage discharge within 500 m.

Keywords: epikarst spring, hydrochemical characteristics, pollution source, land use type,

Lianjiang River.
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1 #BS 7 ( Materials and methods)

1.1 B XL

VT LA 1 AR b DX, K 249 235 km YU PR T ARZY 1181 km® | HFT7E XI5 T 0 #4635 23 X1
g, U AR K 1171.7 mm, Hid 4—9 A N2, (5 S4EROK 1Y 78.5%,10 H ZIRAE
3 HARZE BN RA S 11.5%. \NIEL E 5% S BE il oA Ok 28 £ 200 T W R, NG shis
B N O S 18 R i, PR B 22, 2 A28 T3/ .2019 4F 5 A (F27KI01) miA % X 38 2 BURE
TEEL 7 AL T3V 137 3 T KB A M R IR SR (B 1) .7 AR R SR 400 T 5t e S LA g
Wrs L S R X, R HE MO R R E =B R A LIBRIR SR A b 3 0 KU 28 A
SRHRAEAR 200 m v BB 2 322 - b R RIS Jorp o 1 45 B 7 A5 SR A 0 F2 B S b, A Bl R
2 5 3 SIRALT /NIRRT L A LN VB FE /N 54 5 K 5 5 51 S BRI o A A o B v i 4 8
IR 5% B R H s i 5 17 6 5 SR 5 — 25 6, J i TR R T B A sl A = FH b 3 A 2805
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2 5 59718 (Results and discussion)

2.1 SRR B YRR

M LI T HERIK EC 4 289.1—644.1 pS-em ™ DO A 4.71—841 mg-L™" TN H7 1.117—6.245 mg-L.™" TP
7 0.0022—0.0764 mg-L™" NH,-N 4 0.1484—0.7729 mg-L™" \NO,-N } 0.8822—4.7776 mg-L™' .COD A
0.238—0.679 mg- L™ /KA 2= H8 AR 22 AR BOR (3R 1) SR /K I 3R BE R 55 Bl v , At J] 1L 9 SR 7K TN TP
NH,-N NO,-N 4 5 F A5 B H X 3. AR 35 AH 5 109 7K bR o (bR vE S % 0, EC: 2000 pS - em ™, DO
5mg-L",TN:1 mg-L™",TP.0.05 mg-L™" ,NH,-N;0.5 mg-L™' ,NO,-N:3 mg-L™",COD;6 mg-L™") , i I
it 7 AW ROKIY TN S8 AR (P,>1) , AR T B 3R KE R B TP (NH,-N \NO;-N & & AR (P>
1) (F 2) , FRBWEVT_EUEA 7 oK S0 SRS N i REse P TS Yebe ik o i 2 2R 515 e 48 5K
(E3) K2 5 6 T IRMLEETT YAREHIXT AR, 1 5 5 7 5 SR L5 G5 Jeda SO B, il 5 7 %
SRR AR A 3, 2 BT LUBb Ry 32 1 DX S8l P 08 SR K i e R B AT e AR G4 .

R REARIROKACERFE

Table 1 Chemical characteristics of epikarst spring water

PSS
Samol FE A " EC/ DO/ 1 TN/ TP/ NHN/  NOy-N/ con/
ample .

P Major land types T (useen™) (mgel ™) (mg L) (mg L) (mg-L)  (mg-L)  (mg L)

number

B Arable land 7.715 572.3 6.34 15.5 6.245 0.0764 0.7729 47776 0.475
£ it Residential land ~ 8.313 289.1 8.41 15.4 1.587 0.0479 0.3278 1.1162 0.554
fE% il Residential land ~ 7.776 454.7 4.71 17.9 2,907 0.0536 0.4191 2.0244 0.241
fEEHIH Residential land 7836 523.2 7.18 16.2 3.736 0.0194 0.4811 2.8384 0.245
FE4 it Residential land ~ 7.963 644.1 6.28 16.3 5.013 0.0137 0.3734 2.9689 0.396
£ it Residential land ~ 8.139 357.2 6.11 15.8 1.117 0.0022 0.1484 0.8822 0.238
B Arable land 8.825 332.9 6.68 16.4 6.040 0.0679 0.4876 3.2094 0.679

~N O W B WD =

Tr —a— EC

Nemerow index

o7 1 2 3 4 5 6 7
> > Karst spring sampling sites
4 5 6 7

Karst spring sampling sites - . .
B3 REBEEFKAMD AT RAEE
B2 RIZEE KN BB 715 Q5 5 Fig.3 Nemero comprehensive Pollution

Fig.2 Nemero single factor pollution Index of epikarst spring water

index of epikarst spring water

2.2 SRIKAREE RS A b

K TGRS N (P IS e )R] BER IR, BT RE A 55 R AW 2 A S A 3 o) B
RIAT 2 A F R T 25 TTECRAK IR 37.721% ,29.704% , B FUJT 25 DT R 35 67.425% , 238 70%
(K 2) W05 T IR (R B 5 PCl 2 EGR IEA LA FE 5 /& TN TP \NH,-N NO,-N ,COD, H: % faf
235124 0.920 .0.739 ,0.965 .0.963 .0.717; PC2 5 pH . DO 4 IFAHK , 55 EC T 24058 7k ¢, kAT
435174 0.785 ,0.768 . —0.720 . —0.541. 24 T B ELULS B 9 4> 32 i o0l 5 /K AL 248 A 18] 19 6 3R B 45 T 46 B
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BAEWNA TR (B 4) T LI PCL il 222 e T 28K TN TP \NH,-N \NO,-N & COD 25k 1%
B, 1 PC2 i EEANEK T pH DO EC T XK i 5. Pacheco 452 BT & BB L - HERE A9 Jiti FH 1T A
220 X el T KBS 1Ay AR SR R TN TP NH,-N  NO,-N S48 b5 3 I8 T4 L 36 ) i AT BEPE K, 3R 1
R DU b A Al 3 B PT BB 1 R K BV R N R R P TS YRR U Sk

R 2 REAE R BT

Table 2 Load of epikarst spring water chemical index

PCI PC2
pH -0.145 0.785
EC 0.497 -0.720
DO -0.085 0.768
T -0.028 -0.541
TN 0.920 -0.031
TP 0.739 0.386
NH,-N 0.965 -0.027
NO;-N 0.963 -0.152
CoD 0.717 0.425
FFHFAR Characteristic root 3.772 2.970
75 BIHk¥ Variance contribution rate 37.721% 29.704%
EBBTER R Cumulative contribution rate 37.721% 67.425%
1.0p
H Dp
0.5+ / CcoD
TP
NOj
o5l émperatur@
EC
3
-1.0}
:1.0 7ol.5 0 0..5 1?0

PC1

B4 SRR AR R A 2 ] A B

Fig.4 The projection of each hydrochemical index on the principal component space

2.3 IRAGZE LI RS 3 B K 5 2R AR T b R S A T AR 10 DG 2R

gL OK N (P 5 LR 6 SRR AR 3R R S IR R 32 200,500 ,1000 m 5 L P B 3 T AR
H Pearson MSEMEAHT (3£ 3) &5 R /R, SRARE4E 200 m Y Bl PY NH,-N TP 54y i B 2 k2 1EAH O
(P<0.05) , HBF L LR K NP B 28 v TR R X s, W IR R 2P 428 200 m 1 [l P9 AR Ml 37 Bl 2 SR
7K NH,-N TP 15 44 1) F 2RI IR KK AL 22 1853 (] Y Pearson AHICHE /34 (3% 4) & B TN 5 NH,-N TN
£ NO,-N NH,-N 5 NO,;-N ¥ Pearson Z£(435°4 0.805.0.940.0.926, %] TN \NH,-N \NO,-N =& 7Ei5
eli b rTRe BA R E. BRI M SRR BT SR IR A2 200 m X — 3 BN RO TS 3 7™ A= 19 N IE 2 P IE
AJBESRK T TN TP \NH,-N K& NO,-N 9 = ZE R UE. Liu > Z0F 5500y, 182 1 T /KA Rk & B S Akl
15 ) i E A AR 19 & B0 5 Z 2. 2 i 1L DA T 30 7 A 3 R i 2 1%, AN ) B 3 e A i
BE27) FE TR 7K S K (R 1 PR R 1) - e VR R AT | e 2050 5 PRk A B R KR 1 3R T
FTIZ AR P X WA L X i Al 5 Y th £ [RIRE S e ) X s b 7K b, 08 1 75 e b e TR OF
SRIK K BT A it DR b 3 TR SR K B 0 £ B A, 7 T b ] T EROTT SR A SR IR 200 m § Bl A 1 ik 2>
B T AR DT AR 2R AR J 0 RN 1% Sl 5 B B3R I Ah B9 B EC 5 R IR A% 500 m G N2
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FH o T AR AE S IE A OGOE 2R (32 3) , R AR B IX el ¥ S /K B 7 40 mT g A 0 2 2 IR R 2 £
1000 m 715 [l A 5 FH b T FR 55 A e FH v AR R AT A 0 2 A DG (3R 3) , BN 11 0 A4 v 1) X3k
AR 3 — P A T s S R DX P 4 A I 97 Bt e i X R R 4 0 1L R T SR K Ak
SV TR N | BRI ST 20 7= A A K N D S S (A SRR A T8 7 i & T 3. TR L 5 R 46
1SR b ) DX SRR L 5 Pt DX P9 2 S Ak o vl BB T 22 b A7 3] H % B2 398 Rt i 1 20 114
B RS SRk T NOS \SO% PO, (€17 K™ Na™ 45 40 v Hi e A3 sl A e il 0 mT g4 K0 A
FMFFE Y R E h FE ALY K Na 1 C,H,N,0,, 1675 K EZAL 5 Na,P,0, Na,P, 0,
NaClO \NaOH il C10, , 5 -5 34% 551 e A RS A 40 T S i 7T LA BTG ML I 56 45 0 o ik 6 ¢ 433 3t S 57K
HANEEHTKE, Mg TRIZEW RO AT T RAKEF o AR 45 % 5 51T
AR A M X, S R H R HETS K, 5 LS SO R PR AR R KU T 2 DXl S
R4 500 m i Bl A 92 il = P b T B, DAL T R o S8 MR i IX sl g N 10 %% B % H o A T TS

F3 MR A R R R S K A2 o HE DG S T

Table 3 Correlation analysis between hydrochemical characteristics and the area of land use-type around-the spring

. 500 m & 3 22 FH T AR 1000 m Y& i Hb TR R

200 m 5 FE B T ngﬁ]ﬂﬂ E b A m(nﬁlmgﬁﬁﬁ <UATgS
Cultivated land ithin 200 Residential land area Transportation land

Hihvated fand area within m within 500 m area within 1000 m

NH,-N 0.809 "

TP 0.780 "

EC 0.774*

2 F i

FEE T 0.920 "

Residential land area

* FERTE 0.05( POl ) FEEME. * indicates significant correlation” at 0.05 (bilateral ).
* % FNTE 0.01( Ryl ) FREMAE. = * indicates significant correlation at 0.01 (bilateral ).

R 4 Pearson HeM: 2 BUHE

Table 4 Pearson correlation matrix

pH EC DO T TN TP NH,-N NO;-N coD
pH 1
EC -0.712 1
DO 0.389 -0.349 1
T -0.171 0:124 -0.759* 1
TN 0.045 0.528 -0.136 0.018 1
TP 0.176 ~0:139 -0.019 0.065 0.547 1
NH,-N £0.277 0.464 -0.049 -0.061 0.805 * 0.744 1
NO;-N ~0.231 0.636 -0.142 -0.069 0.940**  0.554 0.926** 1
COoD 0.717 -0.332 0.489 -0.371 0.487 0.635 0.330 0.312 1

# FNAE 0.05(RUM) R FEHMSE.  * indicates significant correlation at 0.05 (bilateral ).
w % F7NAE 0.01 (UM B ZEAHIE. * * indicates significant correlation at 0.01 (bilateral ).

3 78 ( Conclusion)

(1) WV B3 7 A RFBIN SRS N W JR3RE P BTG JARAE 32 A R H S S0 | a7 L X s Al
15 YL nT gt 23 S W [X 3 R K .

(2) SRAR2EAR 500 m S I EC 54872 FH M i AL 30 35 IE AR SE 56 2R BRI KR 5 5
i SR K B A3 R 24 TN T8 B A K DX 3 P SR AR 242 500 m Y0 1B I 92 ol A 10 % B K H o A 9
V5

(3) AR JE B SR 7K NP S 7 T AR Bl X e, SR R 2 4% 200 m J5 Bl N TP NH,-N 5 #F b if £1
FEAE S IEAR DG R, HARK TN NH,-N \NO,-N =35 A7 [al 1, R W/ R N ARl 36 3l 2 SR K NP
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