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KA A2 REAE B AL R JZ R 24T
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1.1 HAREEFR

AR5 DAL A A S 2R 0 14 M 1 B RS 1 Jk
TR R EL i B AR BRI TS AR ALER , =T
JUME M, AR AE T T T R R R LR Y LA A 7

F A H DX, T R P R b AR D 1) B R, R
JsEIR A K ARG L BB X L X BER IR, R
JCEB A DR ANE FE, BF 5T XS A0 FE R AT KB
PETERAME, ZAE 1R 3.8 C, ZAEVHEW
7 510.5 mm, FEAKZEHT T 6—9 HEMAKZE
W, XNFELE 3 B K2 I BUA RILBR &K E L
XA ), FrKos Bt T R Sk v
N G B4 48 Ge s B2 4L, U2 o
0,4 & K2 Z MK I R %00, B XS s 7K
J2, I R R I & K 2 583 LT X, 7
KIZH 3 ~4 A UURUIE ] 20 B, e [l 22 a] i I 28 +
R, 0B A LB LB &K 2 R 2 A F il
R LI, KA LA LR KO JE Aok 35
SrBEIREEE SRR AR AERHBR G KEEE S
ARG L FeBg X, 322 fh A8 5 A AL AR, 28 K P 4b
BIER T HARBRAE U T HF K s FfE
figfREE (K1),

e 0 10 km
| S

E1 #MRRAIMBERRERSTH
Fig.1 Hydrogeology of the study area and distribution of sampling points

1.2 HARE

ABFFET 2023 4 7 HAEME)—5E B — AT
DT T KRS TAE, FEE A MRS KE,
FERAIKBRER 15 (B 1), ¥ LT 30 m KLY
WH, B KERRAE 1500 ml) FT 1A (S L),
T B, WA AR A, T Y R AR IR VLA H i g™

7SR IR AT 5 Lo A T 7K BT s A A A 0 5
H 4% pH {E PHE F(Ca’* . K* Mg™* Na*) BHE
F(S0;.Cl™ \NO; \HCO; ), &L fifi & (total hard-
ness, TH) | ¥if B — % L ik (free carbon dioxide,
fCO, ) A M E A (total dissolved solids, TDS)
HAPHE F(Ca’ (K™ Mg’ Na® ) R F fiL B &
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SR TR GIE I 5E 5 HCO; (fCO, 2R TR &
P BB T (S0;™ .C1™ \NO; ) RIHE T o ik
PAE s TH SR & Z B 4 2R — i 2 16 DU o
pH {ER IR AR AE 5 TDS SR T & R
2 TIUST 2 ) 2 804 OO T K BT S A DG AR
WERS
1.3 SHhAE
1.3.1 #EETH

K AN [ EE (sodium adsorption ratio, S,;) .
BN 43 L (soluble sodium percentage, Na% ) %% 4
BRIR M (residual sodium carbonate, R.)3 MEFRIT
i 3t T 7K RS B PEA AR S T i AR AT
LIRS (CAT = T [CAT - I1) 1T 305 HbF 7K BH
BFRsc e () —(5) RSB T R
A meq/L, a5k
S, = w(Na™) (D)

(w(Ca™") +w(Mg>*))/2
(w(Na™) +w(K*)) x100

Na% = (G ) (Mg ) +o(Na’) +@(K))
(2)
Ry =0 (HCO; ) - (w(Ca®") +w(Mg’*)) , (3)
car -1 =00 = (@(Na®) +0(K)) )
w(Cl7) ’
CAI - 11 =
w(Cl™) —w(Na") +w(K")

(S0 ) +@(HCO; ) +w(CO3™) +w(NO; ) °
(5)

1.3.2 RO

F A5 HT SE— Fh A R T 22 A LG R A AR
o 2H B 1 A B A 3R R 4R e AR T R
P, [ RE % i K PR B i A 3l i 5 1RE %
USRI I o N ) 6 =1 =¥ S N i S R ER V1o
YW 38 3 XA [R] K B Fe bR g A T A AR, AT DAY B D
25 /D BHE MR S ) B2 v R AT A SR 1Y
HERTE

pH fER I XA 75k (2 (6) ), e B FR{E
A FRRAES 9 M 6. 50 F1 7. 50, HoAth 48 F5 %
BRI (R (7)) AT AR AEAR AL B A
53N

F(x;) =

max(p — x,,%, —q)

N max(p — min(x;) ,max(x,) —

q)9 xi ¢ [P,‘]]

1, x € [pyq]
(6)

F(x;) = (max(x;) —«;)/(max(x;) —min(x;))
(7)

K F(x) KRR AR, TR, «,
R K BTFR AR, mg/L; max(«,) ,min(«,) A5 I
FRbRrh AR KM F i/ ME , mg/L; pog I ALIE
T BRI L PRAEL, TE 49,

iz ] SPSS B HEA T M T KAk S 800 3 Rl o
ST AR PESE T, R Origin 8444 i Piper —
2 & [Gibbs Bl Hb T /K HAL S B CHE B R K
SIHTHE T KA B T I ST HRRAE R K fb2F 2 A
FE AT S

2 ZR54%

2.1 TR 4EAE

FH A5 DX M 7K 7K Ak 2 2 80 1 45 3 v]
(F 1), HF/K pH [EALIEE R 5.74 ~7.10, %
PR Hl X 5 55 R 1, 2 ) AR S PR A S
TH ZZfL 35 o 60. 59 ~ 579. 63 mg/L, 1 N
212.13 mg/L, MR EARME 5T X bR K5
PRI K A 3 F5 40 b IX R KoK . TDS AR 4k BBl Ky

R1 WTFAKUESESEITHN

Tab.1 Statistical analysis of groundwater hydrochemical

parameters
EiEE7 wME BRI WE R ERRE
pH 8 5.74 7.10 6.55 0.36  0.05
Ca’*/(mg-L7") 16.51 168.40 58.94 40.16 0.68
K*/(mg-L™") 0.67 11.02 2.08 2.55  1.22

S0i~/(mg-L~') 1.87 127.00 28.59 37.32 1.3l
Cl=/(mg-L7") 2.49 78.50 23.16 26.97 1.16
Mg?*/(mg-L~') 5.30 37.70 15.30  9.36 0.6l
Na*/(mg- L") 9.8 86.67 26.17 20.34 0.78
TDS/(mg+L~") 128.00 910.00 323.40 207.39  0.64
NO; /(mg-L°")  0.35 225.00 31.96 71.15 2.23
fCO,/(mg - L7')  22.30 129.73 55.41 27.99 0.51
TH/(mg - L") 60.59 579.63 212.13 138.62 0.65
HCO; /(mg - L™') 38.07 501.85 225.43 148.38 0.66
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128.00 ~910. 00 mg/L, NO; ZE{LJL /I K 0.35 ~
225.00 mg/L, ¥ {H 7 31.96 mg/L, #R ¥ ( GB/T
14848—2017 H T /K T it bs ok ) 12 rh NOS 19432
Prife, BB 43K AR NO, B Pk FE Mt T Vv bR
( >30 mg/L) JKIRFETE—EBREMTGJ, HEF
SEHHE K /MKIR A Ca® > Na® > Mg’* > K™,
Ca’ " FEI AT BB - i 4 2 22 Ao, e et I 7K v
W Ca’ KR B - rh s ()28 S PR B B
B ES 7 % B2 K/NKIR S HCO; > NO; >
SO;” >Cl™, HCO, ZFEMMEF, = AR
40
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(a)), FrAHE S ERAE 38 & FH T L Na% 2 1
WG HE KW — S5, KA E R
10.55% ~37.31% (E 2(b) ), i # 5 30E
SRR GE A T HE I Ry F8 78 T Wk R 3 A1 ik iz
AR XA KK BT i A 3 5 e, A AR L Dy
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Fig.2 Box plots with different irrigation indices
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Piper =28 &l Fll Gibbs & £ 2 K35 T KB 45
Tl B8 - B AF T = B DL B A 2 2 R T 3 o Y
BLEI ) B 98 X M R K BH B F 3 A A A
Ca®* Bl , BB F E 2 M fE HCO, Mk, s F
KB KA 2RV R R 5 2R Ca® - HCO;
R M B JS B R Ca® — C1- B (& 3) . Gibbs
REZEFRRTH KT EENEFMHE TS
TDS W LB, C1-/( Cl™ + HCO; ) A 1k 35 Bl 4
0.01~0.65(E4(a)),Na*/(Na* +Ca*" )74k
TG 0.44 ~0.50 (&l 4(b)) , W5 X Tk
b5 A AR D U B R K A2 2 Ay
Zo A WA VE PSS, MR KRR CAT =T A1l
CAI - 11 ¥ R A{E A 12 4, 580.00% , CAI -
L FI CAL- 1L ¥ EE A 3 A4, F20.00% (
4(c)), WM T oK F2 R A E 10 IH B F 32 4 i
FH LRk boca®t i Mgt A WS k)2 Y

Na* F1 K" 47228, S 1) B 1 se e £ 2
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Fig.3 Piper trilinear diagram of groundwater in the
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study area



2 8,45 ET MW BOREN N — S B — A DX H R KK B - 91 -
100 000 . 100 000 . 2r
T . N 0.4
- TER KGR - BRI 0F
10 000 e 10 000 -
7 . P ‘ 2t
—~ - 4 — /// e 0.2
- L7 ’ = L ’
L1000y . , 5 1000 - a4l _
& ELoEARIL @ HERML S\ % o
£ S \ £ i\ S 0.0 S
R 100F~ \ A 100F- N
= S N = . .
Sl . > N 8t
10 AN N 10t .. N 0.2
> KRR ~ KAFER -10+
1oo 02 04 06 08 \No 00 02 04 06 0‘8\\“0 " Soezesstezeesse
0 02 04 06 08 I 0 02 04 06 08 I
ey
C/CI+HCO; Na'/(Na'+Ca®") Refesiesesesesy SISV Yo
(a) FIET (b) HET (c) AWFEEL

4 WFEREXH#TKE Gibbs 4> % B FI SRS EL

Fig.4 Gibbs distribution map and chlor — alkali index of groundwater in the study area

2.3 HETK4FAEE XM 7

Person &40 HT 42 43 A M 7K BAL BRAE 2 1)
KRR, R XK K 5 HAb
B A B2 A B A E AR AR Y
IEFHRE AR R (I S) . Hd TDS 5 Ca®* |
Mg®* Na* NO; .SO2” .Cl~ HCO; .fCO, ¥J EL.A %
SREYFISENE 3 H Ca’* 5 HCO,; A Na* 5 Cl™ Z A
W HLA B AR DG | 26 B I 26 B 7 ] Rl ok Y5UHH (] 5
FRERL, BBk B FARM A A A5 0] 3E
RIRER VAR . TH 5 Ca®* Mg’ Z /7 7F B 35 A
X MXREIIKRT 0.8, iFW T Ca®* 5 Mg ¥k JEE
JEUGE MR K TH (9 3 E 5w R E ) e 4h
HCO; 5 pH {H 25858 1Y fAH ¢, Al g2 B T Co,
57K RN RO Y HCO, M Hefmmab:

2.4 MTKBESIEN
2.4.1 ERHOOWER

T S0 LR K B AT 3 A o B O R RURE
TEERT 1 RS, B T 0 2T RRIEAA
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88.058% , e AR 4 1 fite Joe B vh 1) K 40 1% .
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Fig.5 Correlation coefficient matrix of groundwater

physical and chemical parameters in the study area

=2 ERSERRETEER

Tab.2 Principal component results and load matrix
1&k5 B FHG F, FIIT Fy
Ca* 0.964 -0.158 -0.040
K* -0.123 -0.175 0.950
S02- 0. 665 0.665 0.091
al- 0. 696 0.679 0.145
Mg’ * 0.966 -0.074 0.016
Na* 0.892 -0.097 0.202
TDS 0.994 -0.011 0.068
NO; 0.764 0.265 0.047
€O, 0.761 -0.09 -0.355
TH 0.975 -0.137 -0.022
HCO; 0.621 0.721 -0.039
pH fi -0.195 0.861 -0.062
FRIE(E 7.122 2.332 1.113
FETMRF/ % 59.353 19.433 9.272
BEBTTERR/%  59.353 78.786 88.058
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WX Er F BT F, RS FL T
Oy ZECG AN AR A 5 B2 B R TR
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Tab.3 Principal component score coefficient matrix and

index weight

P BIEIRE £ LE A0 RB PP ik AT ‘*'Ejf’% TS Fy FWOP Fy BIRGY Fs GEAREF KGE

LB B SRR ERB (R 3) . B o oo ot v oo oon

J5 38 3 5 A5 AR AR AT M IAAR: B 5T X KA B SOT 0.249  0.435  0.086  0.273  0.121

ATy - 0.261  0.445  0.137 0.288  0.128
2+ _

KF RS FIDR R T TG Ve s oo
(F4), JZWRBIE MR A &8 2 0] 09 #E 2 8 DS 0.372  -0.007  0.064 0.256 0.113
AERU: 78 J2 YR 28548 HE B AR B 1 7 v, RERSH & Ty lr\lc?)‘ g i:g g' (I)Zg g' 2‘3‘4 g Tii g'(l)gj
HK R B M SRR RIS A R LA M 0366 009 -o:ozz 0.4 0.09
AR 2 [] I AL R R S R B K P B A S HCO;  0.233  —0.472  —0.037 0.049 0.022
RE 1% B 4 b (B /s RS HT 45 S, BRI [ B R A 7 pHf 0073  0.564 -0.059 0.060  0.030

R4 MERKRSHER
Tab.4 Results of water quality analysis in the study area

MAL Ca?t K* S0%- cl- Mg?* Na* TDS NO; fco, TH  HCO; pH{E Z&Es 4
HCSOI 0.848 0.987 0.985 0.990 0.955 0.964 0.925 1.000 0.849 0.875 0.679 1.000 0.936 2
HCSO2  0.681  0.800 1.000 1.000 0.694 0.898 0.776 1.000 0.547 0.677 0.388 1.000 0.823 9
HCSO3  0.994 0.887 0.846 0.933 0.993 0.947 1.000 1.000 0.736 0.992 0.903 0.605  0.932 3
HCSO4  0.795  0.863  0.192 0.099 0.639 0.908 0.772 0.989 0.736 0.747 1.000 0.001  0.619 13
HCSOS 0.834  0.001 0.892 0.831 0.784 0.681 0.799 0.972 1.000 0.815 0.567 1.000  0.824 8
HCSO6  1.000 0.959 0.806 0.801 1.000 0.931 0.990 0.996 0.717 1.000 0.955 0.421  0.905 4
JXSO1  0.509  0.962 0.960 0.962 0.664 0.929 0.712 1.000 0.925 0.553 0.261 1.000  0.802 10
IXS02  0.930 1.000 0.975 0.919 0.970 0.942 0.963 1.000 0.717 0.938 0.78% 1.000  0.938 1
JXS03  0.909 0.857 0.733 0.722 0.906 0.754 0.887 0.999 0.981 0.899 0.784 1.000  0.857 6
XS04 0.893  0.990 0.854 0.762 0.871 1.000 0.895 0.770 0.868 0.877 0.925 0.711  0.861 5
JXS05  0.001 0.981 0.001 0.001 0.00 0.00 0.00 0.19 0.001 0.001 0.090 0.947 0.068 15
IXS06  0.429 0.943  0.686 0.091 0.306 0.677 0.377 0.010 0.736 0.395 0.761 0.961  0.427 14
YYSOl 0.545 0.877 0.913 0.891 0.370 0.431 0.55 1.000 0.415 0.494 0.001 1.000  0.647 12
YYS02 0.756 0.947 0.985 0.998 0.617 0.873 0.824 0.969 0.736 0.708 0.470 1.000  0.840 7
YYS03 0.675 0.903 0.972 0.923 0.599 0.880 0.772 1.000 0.415 0.650 0.373 1.000  0.788 11
R RRIR B s G O A K- DD I 4 ﬁ
ALK T K AL B O 4 2 (H 6), o [0
HCO; K* pH H4 11 h—%, KB T —2%, X X505 §§
5o B 25 3 BT R B — B KRR A YYS01 8(2)
J3H 3 %, IXS05 . JXS06  HCS04 4 18—, Hik yys;
IKBER R —3, JKBE AT IXS05 JXS06 45 4 1540 f HCS02

{6 T B 2 55 L R D B 1 78 PSR R 1 st
H FEOK I NO; \TDS TH , C1~ 248 b vk i 1) T HCs0e

1o, I KA B B AR, ZKRE A5 HCS04 3 T #E e
JE M BRI AL, Mo R K AR AR 22, TR AME 3L HCS01

55, T EUK A E YA S i RN R, 53 4%
DXl iR 22 S 0K BT A A 24 B 46l FH 2 5 45
R K R KB ZE R T — AL

Ca>" THMg”* TDS Na* fCO, fNO; SO3-CI" HCO; pH K*

E6 WMRRKERRKLESHHPIRELRE
Fig.6 Tree cluster heat map of water sample points and
hydrochemical parameters in the study area
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X R FGERYE , BHE T Ca " FEFTA PH B T o s 32 %2
M7, K" ZS H) AR SRR A s . HCO, 2R
BT+, FoRBI B F B A BRI 2 A S S
Na% Fll Ry.3 N8 FR T8 7~ H T /K G 58 ‘1
U, MR AKAE2EEM EEL) Ca’ - HCO, Bk 3=,
{24 53 F B2 5 A WA I BH B 388 )
BRHVE T, T2 B Bk 1 1) BH i 7 5C B VR T, th 2 5%
M) Pl 20 4 1Y) E B ML

(2) BR BRI IE X R KAk 2= S 50r
4 RFER TR 3 28 M AR B LR b IX
R KK 2%, NO, R B FR , Hb T /KK 5 25 [A]
A Z A A KL BB 7 38 3 46 A SR it g
il , B 5 5 K 2 250 TN Sl B DI AR oG, 2
BOINsR XA IR AL AL ARl 48 B i | 32F— 25
PRI L R /K BRI
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Groundwater quality evaluation in Huachuan — Jixian — Youyi area
based on principal component analysis

HE Jinbao'?, LIU Hongbo', KONG Fanpeng', MAO Yongxin', ZHAO Jian'
(1. Mudanjiang Natural Resources Comprehensive Survey Center, China Geological Survey, Changchun Jilin 130000, China;
2. Northeast Geological S&T Innovation Center of China, Geological Survey, Shenyang Liaoning 110019, China)

Abstract; Huachuan — Jixian — Youyi area in Sanjiang Plain is a key grain — producing area in Heilongjiang Prov-
ince, and its water resources are directly related to agricultural production and ecological security. The demand for
water resources continues to increase with the rapid development of industry and agriculture, leading to a series of
problems such as declining groundwater levels and deteriorating water quality. The clarification of chemical char-
acteristics, and the influencing factors of water quality, is of great significance to maintaining agricultural stability
and sustainable development. Through collecting 15 groundwater samples in the field, the authors analgzed the
groundwater chemical characteristics and causes by combining statistical analysis, piper trilinear diagram, hierar-
chical cluster analysis, principal component analysis, chlor — alkali index, etc., and evaluate the groundwater
quality. Sodium adsorption ratio (S,;), soluble sodium percentage ( Na% ), and residual sodium carbonate

(Ry.) all showed good suitability for groundwater irrigation in the area. The main hydrochemical type was Ca’* —
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HCO; type and locally Ca’" — Cl~ type. The chemical composition of groundwater was mainly controlled by rock
weathering, with the main ions derived from the dissolution of rock salt and soluble carbonates such as calcite and
dolomite. And the chlor — alkali index indicated that cation exchange also affected the formation of groundwater
chemical components. The results of the water quality evaluation showed that the groundwater quality in Huachuan
County and Jixian County was poor, and the NO; concentration exceeded the standard seriously. The overstandard
was not only affected by natural factors, but also related to the use of chemical fertilizers and pesticides, mining
and other human activities. The study results could provide references for the rational development and manage-
ment of groundwater resources.

Keywords: Sanjiang Plain; principal component analysis; hierarchical cluster analysis; groundwater; water qual-

ity evaluation
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