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Abstract: Research on the origin and processes affecting the hydrogeochemical characteristics of
karst water provides useful information for the management and exploitation of karst water
resources. Principal Component Analysis (PCA) was applied to the karst water physicochemical
data, including temperature, pH, Electronic Conductivity (EC), Ca?*, Mg?*, Na*, K*, CI, HCOy,
SO4%, and NOs in Ba Be lake (Bac Kan province) and Ha Quang, Trung Khanh (Cao Bang
province). The Piper diagram described the main type of hydrochemical facies in karst water at
24/25 survey points as Ca?*-HCOs". The combination of eleven physicochemical properties was
reduced into four main components (PC1, PC2, PC3, PC4) based on eigenvalues of 4,0; 2,5; 1,3 and
1,2, respectively. A total of 81,53% of the variance was represented by four main components, in
which PC1 (36,36%) represented the rock-water interaction, PC2 (22,88%) represented pollution
sources related to human activities, PC3 and PC4 (22,29%) represented the dissolution of
magnesium minerals. The moderate-strong correlation between parameters of the Mia Le
Formation’s sample in Ba Be Lake area and PC1 indicated that the major chemical composition of
karst water is strongly influenced by the interaction between carbonate rocks and water. This process
also occurs intensely at some survey points in the Bac Son, Song Hien, and Cao Bang formations.
Meanwhile, some samples NK.19, NK.23, NK.25 of the Bac Son and Song Hien formations had a
moderate positive correlation with PC2 and are affected by human activities. Research results have
shown that the combination of principal component analysis PCA and correlation analysis is an
effective tool in determining karst water characteristics in the area.
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Ung dung phuong phap phan tich thanh phan chinh
trong danh gia dac diém thuy dia hoa nudc karst
tai Bac Kan va Cao Bang

Vin Phu Hung”, Vii Thi Minh Nguyét, Bui Van Quynh, Ha Tung LAm

Vién Pia chdt, Vién Han lam Khoa hoc va Cong Nghé Viét Nam,
Ngo 84, Chua Lang, ang Da, Ha Noi, Viét Nam

Nhén ngay 06 thang 11 nam 2023
Chinh sira ngay 22 thdng 4 nam 2024; Chap nhan dang ngay 22 thang 5 nim 2024

Tém tit: Nghién ctru ngudn gbc va cac qua trinh anh huong téi dic diém thuy dia hoa nudc karst
s& cung cap thong tin hitu ich phuc vu viéc quan Iy va khai thac tai nguyén nudc karst. Phuong phap
phan tich thanh phan chinh (Principal Component Analysis — PCA) duoc 4p dung cho tap hop dir
lidu cac két qua phan tich Iy-hoa trong nude karst bao gdm nhiét do, pH, d6 dan dién (EC), Ca?*,
Mg?, Na*, K*, CI, HCOs', SO.%, NO3z" & khu vuc hd Ba Bé (Bic Kan) va Ha Quang, Tring Khanh
(Cao Bing). Biéu db Piper xac dinh tuéng thiy hoa chinh trong nudc karst 1a Ca2*-HCOs™. T hop
11 déc tinh Iy-hoéa duge rat gon thanh 4 thanh phan chinh (PC1, PC2, PC3, PC4) dua vao gia tri
riéng 1an luotla 4,0;2,5,1,3va 1,2 Téng cong 81,53% phuong sai dugc thé hién theo 4 thanh phéin
chinh, trong d6 PC1 (36,36%) dai dién cho tuong tac giita nudc va da, PC2 (22,88%) thé hién cho
cac ngudn 6 nhidm lién quan dén cac hoat dong cua con ngudi, PC3 va PC4 (22,29 %) thé hién cho
qué trinh hoa tan cac khoang chit giau magie. Tuong quan trung binh-manh giita cac chi tiéu phan
tich mau thudc hé tang Mia Lé khu vuc ho Ba Bé v6i PC1 chi ra rang thanh phan héa co ban cua
nudce karst bi chi phdi manh boi twong tac giita da carbonate va nuéc. Qua trinh nay ciing xay ra
manh tai mot s6 diém khao sat thudc hé tﬁng Bic Son, Soéng Hién, phtrc hé Cao Béng. Trong khi do,
mot s6 mau NK.19, NK.23, NK.25 thudc hé ting Bic Son va Song Hién thanh phan 1y-hoa c6 twong
quan dong bién & muc trung binh véi PC2 va bi anh huong boi hoat dong nhan sinh. Két qua nghién
clru d3 chi ra rang, viéc 4p dung t6 hop phuong phap phan tich thanh phan chinh PCA va phén tich
twong quan 1a cdng cu hiru hiéu trong xac dinh dac diém nude karst tai khu vuc.

Tur khoa: PCA, thuy dia hda, nudce karst, Ba Bé, Trung Khanh, Ha Quang.
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1. Mé dau

Céc thanh tao carbonate 1a moi truong chua
nude tét do phét trién nhiéu khe niit, hang hdc
karst mit va ngam 16n. Ngudn gbc, sy van dong
cua nudc karst va kha nang khai thac, sir dung
bén vitng nudc karst ludn 1a chu dé duoc cac nha
khoa hoc trén thé gi6i va trong nudc quan tim
trong nhiing nam tr¢ lai day [1, 2]. Phuong phap
thong ké da bién dugc sir dung rong rai dé danh

" Téc gia lién hé.
Dia chi email: vphung@igsvn.vast.vn
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gi4 chat lugng nudc dudi dat. Roger P.C va cong
su [1] théng qua phan tich thanh phan chinh da
xac dinh sy thay d6i ctia chat lugng nude karst
theo khong gian ¢ bang Yucatan (Mexico) boi
yéu t6 xam nhap cua nude bién, twong tac da-
nuée, lugng mua va 6 nhiém do con ngudi. T6
hop phuong phap phan tich thanh phan chinh
(Principal Component Analysis) — PCA va tuong
guan Pearson véi phan tich cum (Cluster
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Analysis-CA) xir Iy cho 12 bién thanh phan hoa
1y nham tim ra bién s6 c6 anh hudng 16n nhéat dén
c_héit lwong nude dudi dat & quan Gaya (Bihar-
An Do) [3]. Giam sat chat luong nudc dé danh
gi4 sy thay d6i theo khong gian va thoi gian 1a
diéu can thiét cho viéc quan Iy nude va kiém soat
6 nhiém. Mot nghién ctru ciia David A.C va cac
cong su [4] str dung phuong phap PCA va phan
tich cum (CA) cho 54 mau nudc thu thap véi 15
thong s6 phan tich dé dwa ra thong s6 dong gop
nhiéu nhét vao chét luong nudc, tir d6 lién két no
vO1 cac nguén 6 nhiém chinh dugc xac dinh
trong co s& dir li€u dia ly. Tai Viét Nam, phuong
phap phan tich thanh phan chinh ciing da bat dau
dugc tng dung trong danh gia chit luong nudc.
Cu thé & khu vic Nam B9 (tinh Ba Ria — Viing
Tau), phuong phap chi s chat luong nudc
(GWQI) va PCA dugc két hop dé tim ra hai nhan
to dic trung gay anh huong dén chat lugng nude
tang chira nudc Pleistocen 1a twong tac cua cac
thanh phan hoa hoc trong trim tich séng va hoat
dong nhéan sinh. béi voi riéng nudc karst, Viéc
xac dinh ngudn gdc, loai hinh hoa hoc cua nudc
dd duoc dé cap dén trong nghién ciru cua N. V.
Lan va cong su [5] hay trong mot phan nghién
ctru cia T. D. Anh va cong su [2]. Biéu d6 Gibbs
va mot phuong phap thong ké da bién 13 phan
tich cum (Cluster Analysis) ¢ nhom thanh phan
héa-1y va cac nguyén t6 kim loai nang kiém soat
nham xac dinh qua trinh chinh kiém soat chat
luong nude dudi dét tai Pong Vian (Ha Giang).
Phuong phap PCA va phan tich tuong quan s€la
nhoém phuong phap chinh tac gia sir dung trong
nghién clru ndy nham xac dinh dic diém nudc
karst va mdi twong quan giita cac chi tiéu hoa ly-
hoa (variables) v6i cac thanh phan chinh tir d6
ludn giai qué trinh chinh dién ra tai Bic Kan va
Cao Bang ciing nhur dau hiéu ctia anh hudng boi
hoat dong nhan sinh.

2. Khu vue nghién ciru

Khu vye nghién ctru duge phan thanh 2 cym:
i) HO Ba Bé; va ii) cac diém xuét 16 nudc karst tai
huyén Ha Quéang va thac Ban Gidc tinh Cao Bang,
H6 Ba Bé 1a ho nudc ngot nam giira hai
huyén Ba Bé, cho Pén thudc tinh Bic Kan. Ho

¢6 chiéu dai t6i 8 km, chd rong nhat khoang
3 km, sau khoang 20 m dén 30 m, dién tich
khoang 450 ha, nam trén d6 cao 145 m so voi
mit nude bién va duoc hinh thanh tir cach day
hon 200 tridu ndm, d4 voi tai ving hd Ba Bé ¢o
nién dai 450 triéu ndm va 1a d4 véi c6 c6 dic
diém kién tao rit ddc biét. Ho nam trong khuon
vién Vuon Qudc gia Ba Bé, nam ¢ tiéu canh
cung séng Gam 6m l4y tiéu luc dia co song Chay
lam nén khoi nang dang vom Viét Béc Day la
khdi nang duy nhat trong phuc nép 16m Van
Nam ctia nén chuan Duong Tur. Khu vue nay c6
mit hau nhu tit ca hé dat giy mién Dong Bic.
Trong vung nay, cac da carbonate thuoc Thanh
hé Bic Son (C-Pss) phan bd rai rac, tao thanh
nhing khéi riéng 1¢. Thanh phan dat d4 rat dong
nhit 1a da voi phan 16p day va da voi dang khoi
phat trién karst miat manh m&. Céc déa carbonate
phan bé & Cho R4, Ba Bé va nhiéu khu vuc khac
thanh cac khéi khong lién tuc.

Huyén Ha Quang va huyén Trung Khéanh
thudc tinh Cao Bang 1a noi tap trung chi yéu cua
vung d4 voi chay tir phia bic doc theo bién giGi
Viét - Trung, vong xudng phia déng nam cua
tinh. D4 voi khu vuc c6 tudi Devon (D), Carbon-
Permi (C-P), Trias (T). Trong do cac diém khao
sat thugc huyén Ha Quang nam trong cac h¢ tang
Bic Son, Pong Dbang (C-P), h¢ tang song Hién,
phirc hé Cao Bang (T-T), trong khi d4 voi thac
Bén Gidc (Tring Khanh) thudc hé ting Na Quan
ky Devon [6]. Cac d4 voi nay cdu tao phan 16p
va ¢ su xen 1an voi cac 16p silic, sét voi. Pa voi
chtra nhiéu tap chit sét nén qua trinh hoa tan xay
ra yéu hon. L6p terarosa tai khu vuc nay tuong
d6i day va 16p phu thuc vat phat trién manh. Tai
nhitng khu vuc nay cac hang dong thuong bi sét
1p nhét, cic khe nit va dut gdy ciing nhanh
chong bi sét 1ap kin nén kha nang luu théng cua
nuée kém [7].

3. Phwong phap nghién ciru
3.1. Phwong phdp thu thép sé liéu
Céc chi tiéu phan tich chit luong nudc duoc

su dung tur kho dir liéu cua Trung tdm Nghién
ctru Karst va Hang dong qua cac dot khao sat



V. P. Hung et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 40, No. 2 (2024) 64-76 67

thuc dia tai Cao Béng va Bic Kan. Téng sb 25
mau nudce karst duoc lay vao dau mua kho (thang
01 nam 2021), tai ho Ba Bé (thudc hé ting Mia
L¢), Ha Quang va Trung Khanh (phtrc h¢ Cao
Bang, hé tang Song H1en hé tang Pong Ding,
hé ting Na Quan, hé ting Bic Son) (Hinh 1). Cac
thong s6 hoa — 1y gom EC, pH, nhiét do dugc do
tai thuc dia bang thiét bi do da thong s6 Multi
3630 IDS (WTW- Dric). Mau nudc lay tai cac
diém khao sat dugc phén tich cac chi tiéu hoa co

ban (Ca*, Mg#, Na*, K*, HCOgs, CI, NOs™ va
SO.?%) tai Vién Dia chét; trong d6 Ca®, Mg?*
dugc xac dinh bang cach chuan do, Na*, K* do
bang phuong phap hip thu nguyén tu, trén hé
may quang phd hap thu nguyén tir VARIAN
AA280Fs, NOs* duoc xac dinh bing phuong
phap tric phd, ham lugng HCOs', CI- déu duoc
x4c dinh bang cach chuan do, SO.* dugc xac
dinh bang phuong phip do do duc bang
Spectrophotometer.
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Hinh 1. So dd khu vuc nghién ciru va vi tri cac diém khao sat.
(Trich lwvge Ban do dia chat Viét Nam ty 1€ 1:200.000).

3.2. Phurong phdp phan tich s6 liéu

3.2.1. Phurong phdp dé thi thity dia héa

Biéu db Piper [8] dugc st dung rong rii
trong nghién ctru thuy dia hoa, dé biéu thi thanh
phan hoa hoc, cac thong s6 chat luong nuée va
phan tich méi twong quan giita cic bién do, tir d6
xac dinh tuéng thiy hoéa chinh cta nudc. Pay
cung 1a nhom phuong phap thuong dugc ap dung
cho nghién ctru vé dic diém hoa hoc, ngudn gbc
clia nudc tai nhiéu noi trén thé gioi.

3.2.2. Phwong phdp phdn tich thanh phan
chinh PCA

Phuong phap PCA cho phép giam s6 chiéu
cua dir liéu, thay vi gitr lai cac tryc toa d6 khong
gian ci. Myc tiéu cua PCA 1a tim mot khong gian
moi v6i sé chidu nho hon khong gian cii (s6
chiéu trong khong gian méi thuong 1a 2 hoic 3
chiéu). Trong d6 céc truc toa do trong khong gian
méi duge xay dung sao cho trén mdi truc d9 bién
thién cua dir liéu trén d6 1a 16n nhét co thé
(maximize the variability). PCA dugc ung dung
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trong nghién ctru thuy dia hoa [9, 10], khi ma tap
dir liéu mau nude v6i cac chi tidu phan tich ¢6 s6
luong 16n. Trong nghién ctru nay, dir liéu dau
vao 1a 8 thong s6 hoa co ban bao gdm Na*, K*,
Ca®*, Mg?, SO4%, NOg, Cl- va HCOj3 tuong tng
VGi cac bién (variables) va cac dbi tuong
(individual) 12 cac mau nuéc karst (25 mau).
Phuong phap dugc thyc hién bang phan mém
SPSS (Statistical Package for the Social
Sciences) va R-studio.

Thanh phan chinh PC1 ¢6 gia tri phuong sai
cang 16n thi vai trd cua n6 trong viéc danh gia
tong hop cang 16n, lugng thong tin ma né bicu
dat cang nhiéu [3]. Néu thanh phan chinh thir
nhat PC1 chwa du dé biéu dat t6t lugng thong tin
cta dir liéu m bién ban dau thi tiép tuc lua chon
thanh phan chinh thtr hai (PC2), ¢ nhu vdy cho
dén m thanh phan chinh.

Céc budc phan tich thanh phéan chinh:

Budc 1: s6 lidu ban dau duoc sap xép dudi
dang mot ma tran X = (X;;)nxm. Trong d6 n la
s6 quan tric, m 1 sb bién. Vi cac bién ban dau
¢6 don vi khac nhau nén tién hanh chuén héa di
I|éu thénh Z = (Zij)nxm

Bude 2: tr ma tran sb liéu d3 dugc chuin
hoa, tinh hé¢ s ma tran twong quan R =
(7ij)nxm- Tinh m gia tri riéng A,,(p = 1; 2; 3,...;
m), cac vector riéng L, = Lpy; Lpz; « Lpm. RO
ra cong thic biéu dién thanh phéan chinh:

By =Lp1Zy + Lp1Zi + -+ LpmZn,
Trongdop=1;2;3;...;m
Budc 3: xac dinh ty 1€ dong gép cua cac
thanh phén chinh: Lya chon céc gia tri riéng
Ap? 1. Ty 1€ dong gop ticl‘l lily cua céac thanh
phan chinh thtr k 1 ty 1€ phan trdm luong thong
tin ma cac thanh phan chinh d6 bao ham:
A A

M+l ++24 XA

Ty 18 dong gop tich lily cang cao, cang gan
v6i tinh hinh thyc té. Pham vi chip nhan duoc
cua ty 18 dong gop tich lity cua cac thanh phan
chinh 1a ttr 70%-90%.

Jk=1.2,..,p

3.3. 86 liéu

Phan tich thanh phan chinh (PCA) sir dung
dit liéu thanh phan hoéa hoc co ban bao gdm Na*,
K*, Ca?*, Mg?", SO4*, NOs’, Cl va HCOj3 cua 25
mau nudce tai 06 diém thudc hd Ba Bé (Béc Kan),
01 diém tai thic Ban Gibc (Cao Biang) va 18
diém thudc Ha Quang (Cao Bing) (Bang 1)
nham trich xuat thong tin vé cac thong sd c¢6 y
nghia nhit mé ta toan bd tap dir li€u, trong
truong hop nay 1a phan anh tinh chat nuéc karst,
loai bo cac thanh ph?m khong thé hién duoc dic
diém nudce karst tai khu vuec.

Bang 1. Vi tri cac diém khao sat tai Bic Kan va Cao Bé‘mg

Toa d§ (WGS-84 e a1
KHM PKS VT. % - Kinh d)é Vi tri dia ly
1 NK.01 22,85° 106,72° Thac Ban Gide-Trung Khanh-Cao Bang
2 NK.02 22,40° 105,62° Buodng 1 (Bén thuyén phia Bic)-Hb Ba Bé-Bic Kan
3 NK.03 22,41° 105,61° Buodng 2-Ho Ba Bé-Bic Kan
4 NK.04 22,40° 105,60° Bo ke cudi nhanh-Hd Ba Bé-Bic Kan
5 NK.05 22,41° 105,61° Giira 1ong ho Ba Bé-Bic Kan
6 NK.06 22,42° 105,61° Buodng 3 (hudng di ho Na Hang)-Ba Bé-Bic Kan
7 NK.07 22,40° 105,62° Pao Ba Goa-Ho Ba Bé-Bic Kan
8 NK.08 22,87° 106,11° Na Dam-Ngoc Pao-Ha Quang-Cao Bang
9 NK.09 22,97° 106,04° Pé4c P6-Truong Ha-Ha Quang-Cao Bing
10 NK.10 22,83° 106,14° Béan B6-Ngoc Pao-Ha Quang-Cao Bang
11 NK.11 22,82° 106,10° Dao Nam-Ngoc Dao-Ha Quang-Cao Bang
12 NK.12 22,89° 105,85° Ban Khau Giita-Can Nong-Ha Quang-Cao Bang
13 NK.13 22,91° 105,87° Nam Dong-Can Nong-Ha Quing-Cao Bang
14 NK.14 22,91° 105,88° Nam Péng-Can Nong-Ha Quang-Cao Bing
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15 NK.15 22,90° 106,22° Cot Phd-Tong Cot-Ha Quang-Cao Bing

16 NK.16 22,89° 106,23° Cot Phd-Tong Cot-Ha Quang-Cao Bang

17 NK.17 22,96° 106,17° Liing Pan-Cai Vién-Ha Quang-Cao Bing

18 NK.18 22,79° 105,99° Na Léng-Pa Théng-Ha Quang-Cao Bing

19 NK.19 22,81° 105,98° Nam Hung Pao-Pa Théng-Ha Quang-Cao Bang
20 NK.20 22,76° 105,93° Tac Té-Thanh Long-Ha Quang-Cao Bang

21 NK.21 22,86° 105,94° Quang Trung 1-Luong Théng-Ha Quang-Cao Bing
22 NK.22 22,91° 106,20° Nhi T40-No6i Thon-Ha Quang-Cao Bang

23 NK.23 22,89° 105,93° Ban Ngam-Can Yén-Ha Quang-Cao Bing

24 NK.24 22,90° 105,90° Bén Gai-Can Yén-Ha Quang-Cao Bang

25 NK.25 22,85° 106,02° Ténh Ca Lira-Quy Quan-Ha Quang-Cao Bang

4. Két qua nghién ciru
4.1. Bdc diém thuy dia héa

Nhin chung, gia tri pH do duoc tai 25 diém
khéo sat thudc Bic Kan va Cao Bé‘mg déu nam
trong khoang tir 7,02-8,19. Nudc c6 tinh kiém va
kiém yéu. Gia tri pH cyc dai tai Bic Kan dugc
xéc dinh tai diém NK-01 (pH=7,9) budng 1 bén
thuyén phia Biéc hd Ba Bé. Gia trj pH cuc dai tai
Cao Béng xé4c dinh tai 2 diém bao gém 01 diém
nudc mat thude thon Na Leéng - xa Pa Thong va
01 diém nudc xuét 10 thudc Ban Ngém - x3 Cén
Yén (pH=8,19). Po dan dién (EC) cua cac miu
nuée thu duge tai hd Ba Bé trung binh (EC =
422,5 uS/cm) cao hon nhiéu so voi cac diém
khdo sat tai Cao Bang (EC = 279,47 uS/cm), cha
yéu do da voi ngap nude thudng xuyén, qué trinh
hoa tan xay ra manh mé va co tdc do 16n. Do dan
dién ciia mau nudc thu dugc & day ciing c6 dién

phan bé 6n dinh tip trung trong khoang tir
417 puS/cm — 511 pS/cm. Trong khi d6, do mau
nudce karst Cao Béng dugc thu thap o nhiéu dia
diém va nguén khac nhau nén d6 dan dién do
dugc c6 khoang dao dong 16n hon tir 100 uS/cm
— 511 pS/cm. Tai mot s6 diém khao sat thudc
Cao Bang, van ghi nhan gié tri EC cao nhu Théac
Ban Gibc (EC = 511 pS/cm), diém xuét 16 thude
thon Nam Dong, xa Can Nong (EC =481 pS/cm),
diém xuat 16 thudc thon Ténh Ca Lira, x3 Quy
Quén, huyén Ha Quang (EC = 431 uS/cm)
(Bang 2). Ham lugng trung binh céc cation va
anion trong nuéc hd Ba Bé da s6 déu thap hon
s0 v&i mau phén tich tai Cao Bang. Pién hinh,
ham lugng trung binh Ca?* trong nudc karst tai
Cao Bang 1a 66,33 mg/l, gip 1,5 1an so véi Bic
Kan (44,22 mg/1). Ham lugng ion HCO3" trong
nudc hdé Ba Bé ciing thap hon rat nhiéu, trong
khoang tir 141 mg/l-149 mg/1 trong khi gia tri
nay & Cao Bang 1a tir 73 mg/1-378 mg/1 (Bang 2).

Bang 2. Bang tong hop cac chi tiéu hoa Iy miu nude tai Bic Kan va Cao Bang

AN Béc Kan Cao Bang
Chi ticu B Min Max T8 Min Max
EC (uS/cm) 4225 414 438 279,47 100 511
pH 7.79 7.67 7,90 773 7.02 8,19
Nhiét do (°C) 25,77 255 26,0 24,32 23,2 28,3
K*(mg/l) 2,00 1,88 2,22 0,66 0,18 1,30
Na*(mg/l) 2,25 2,22 2,27 1,58 0,20 4,95
Ca?"(mg/l) 44,22 41,08 46,09 66,33 17,83 124,25
MgZ (mg/l) 3,30 1,42 4.86 3,77 122 11,55
HCOs (mg/l) 145,59 141,52 149,45 212,03 73,20 378,20
Ch(mg/l) 3,54 3,19 4.47 3,66 183 5,48
NO3(mg/l) 2,15 1,74 2.9 3,18 1,03 6,15
SO (mg/l) 6,96 6,66 717 5,18 2,86 11,23
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Biéu dd Piper [8] thuong dugc st dung dé
xéc dinh thanh phan chinh va tuéng thuy hoa ciia
nude. Két qua trén biéu dd Piper (Hinh 2) md ta
loai tudng thuy hoa chinh trong nudc karst tai
24/25 diém khao sat 1a Ca?*-HCOs". Tai d6, ham
luong ion thay d6i theo hudng HCOsz > SO42 >
Cl-> NOs; Ca?* > Mg?* > Na* > K*. Nudc tai ca
hai khu vue déu bi chi phéi boi HCO3™ vé6i ndng
do trung binh 1a 14559 mg/l (Béc Kan),
192,56 mg/l (Cao Bing), trong d6 HCOs 16n
nhit tai diém xuét 10 NK-21 thudc thon Quang
Trung 1, xa Luong Thong, huyén Hoa Quéng.

% & B % I
Ca Na+K HCO3+CO3 Cl

&

Hinh 2. Biéu d6 Piper biéu dién thanh phan héa hoc
mau nudc karst tai Bac Kan va Cao Bang.

Hoat dong karst chu yéu dugc hiéu 1a qua
trinh hoa tan cac da c6 kha ning hoa tan trong
nudc thién nhién, chu yéu la da carbonate, tao
nén cac dang dia hinh karst khac nhau. Hoat
dong karst gom qué trinh- hoat dong pha huy

(cht yéu 1 hoa tan), qua trinh van chuyén (san
pham hoa tan theo dong nudc ty nhién) va quéa
trinh tich tu (tao nén cac thé dia chat méi). Nudc
trong ting chira nudc karst thuong c6 ham luong
Ca, Mg va d¢ ctig cao [11].

Két qua phan tich cho thdy, nudc trong cac
thanh tao Carbonate c6 loai hinh chu yéu 12 loai
nudc Bicarbonate (Ca?*-HCOg). Trong nudc cod
mit ion HCO3™ chiém ti 16 rit cao (tir 68%-73%).
Trong céc cation thi ion Canxi chiém vai tro chu
dao, 25/25 mau nudc c6 mit ion Ca?* véi ham
lugng tir 61%-97%, ion Mg@?* nam phan it hon,
chi tir 1%-12% trong tong cac cation, duy chi co
trong mau nudc mat & Liing Pan, xd Cai Vién,
huyén Ha Quang, tudng thiy hda cua nudc xac
dinh la Ca-Mg-HCOs. Tt cac dac diém thuy dia
hoéa cho thay nudce trong cac thanh tao carbonate
khu vure ¢6 ngudn gde hoa tan - rira liia.

4.2. Két qua phan tich thanh phan chinh PCA

Xéc dinh thanh phan chinh

Két qua phan tich 11 dic tinh 1y hoa ciia nuée
karst duoc it gon thanh 4 thanh phén chinh dua
vao gia trj riéng. Tong cong 81,53% phuong sai
duoc giai thich boi 4 thanh phan chinh (Bang 3).
Thanh phan dau tién c6 gia tri riéng cao nhat
(eigen value = 3,99), dai dién cho 36,36%
phuong sai; 22,88% ciia tong phuong sai c6 thé
dugc quy cho thanh phan tht hai (eigen value
= 2,51). Thanh phan thir 3 va thanh phan thi tu
c6 gid trj riéng lan lwot 13 1,29 va 1,15 twong tng
v6i 11,80% va 10,49% trén tong phuong sai. Cac
gi4 tri riéng cua 7 thanh phan con lai déu nho hon
1 va khong dugc xac dinh 1a thanh phan chinh.

Bang 3. Két qua phan tich thanh phan chinh PCA cho 25 mau nudc tai khu vuc nghién ciru

PC1 PC2 PC3 PC4 PC5

PC6 | TP.7 | TP.8 | TP9 | TP.10 | TP.11

bo hf;ch
chuan

1,99 1,59 1,14 1,07 0,91

065 | 0,60 | 0,44 | 038 0,30 0,001

%

Sal

phuong | 36,36 | 22,88 | 11,80 | 10,49 7,47

3,78 | 331 | 1,76 | 1,30 0,84 0.01

Phuong

Ity

sai tich | 36,36 | 59,24 | 71,04 | 81,53 | 89,00

92,78 | 96,09 | 97,85 | 99,15 | 99,99 100
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3
|

1
|

Gia tri riéng (eigen values)
2

Thanh phan

Hinh 3. D6 thi biéu dién thong tin vé céc gid tri riéng
(eigen values) cua cac thanh phan.

Db thi biéu dién thdng tin vé cac gia tri riéng
(eigen values) cua tit ca cac thanh phan
(Hinh 3). Chi céc gia tri riéng 16n hon 1 moi
duoc xem xét [12]. Bang cach sir dung bdn thanh
phan dau tién 1am thanh phan chinh dé biéu thi

tat ca cac bién, ¢ thé chitng minh rang bon thanh
phan dau tién cung cap thong tin pht hop hon.

Ma tran twong quan gitra cic bién voi thanh
phan chinh va d6 thi twong quan (biplots) giita
céc bién vé6i thanh phan chinh luén duge sir dung
trong phan tich PCA [13]. Két qua phan tich
tuong quan giita cac bién voi thanh phan chinh
va do thi twong quan giita cac bién véi thanh
phan chinh cta 25 mau nuéc tai Ba Bé va Ha
Quang duoc thé hién tai Bang 4 va Hinh 4. PC1
dai dién cho 36,36% phuong sai, tuong ng
twong quan manh véi cac ion Ca?*, HCOs véi
gia tri r = 0,905 va r = 0,897. Cation K+ va Na+
cling ¢6 twong quan manh véi PC1 song méi
quan hé nay 1a nghich bién (r = -0,729, r = -
0,761). PC1 duogc nhan dinh 14 biéu hién cia sy
tuong tac gitta nudc- da theo quan hé héa hoc
thuan nghich sau :

CaC0O3 + H,0 + CO, & Ca?* + 2HCO3

Bang 4. Tuong quan giira cac bién véi cac thanh phan chinh

o Thanh phan chinh
Chi tiéu

PC1 PC2 PC3 PC4
pH 0,023 0,456 0,522 0,500
Nhiét d6 (°C) -0,610 0,425 0,458 -0,309
EC (uS/cm) 0,421 0,619 -0,425 -0,326
K* -0,729 0,450 0,264 -0,245
Na* -0,761 -0,300 -0,254 0,294
Ca* 0,905 0,153 -0,059 -0,334
Mg?* 0,039 0,529 -0,551 0,523
HCOs 0,897 0,195 -0,167 -0,261
CI 0,597 0,513 0,164 0,084
NOs- 0,584 0,143 0,328 0,306
SO.* -0,127 0,909 -0,179 0,045

Dbi v6i thanh phan chinh thir 2 (dai dién cho
22,9% phuong sai), két qua cho thidy SO4? c6
tuong quan manh voi gia tri r = 0,909. Cac chi
tiéu pH, Mg?*, NO3™ déu co tuong quan & mic
trung binh (0,3 <r <0,6) v6i hai thanh phan PC3,
PC4 (dai dién cho tong cong 22,7% phuong sai)
(Bang 4). Theo [2] cho rang ngudn goc thanh
phan S04, CI trong nuwdc mat cé thé 1a san
phim cua tuong tac cua da-nude nhu cac loai da

nhu thach cao (CaSO4), da mubi NaCl hoic c6
thé lién quan dén hoat dong ciia nhan sinh nhu
khai thac khoang san, néng nghiép,... PC3 va
PC4 tuong tmg chiém pham vi 11,80% va
10,49% trén tong phwong sai voi ion Mg?* ludn
gilt ¢ mirc twong quan trung binh (r = 0,513) thé
hién sy hoa tan yeu cua cac da c6 Mg®* trong
thanh phan hoa hoc.
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Céc bién - PCA
1,0-
0,5 Ti l& Gong gop vei
! thanh phan chinh (%)
= Bl 2°
=
o
o 10,0
2 0,0-- - e iy
2 Noa (mamease(ma) 3 7
= ] O
i CO3- (mall) 5.0
pH|, ||
0,5 [
-
sQ@2+ (mg/l)
1,0- :
i ' I ' i
-1,0 0,5 0,0 0,5 1,0
Dim1 (36,4%)

Hinh 4. D4 thi biéu dién twrong quan gitra cac bién (cac két qua phan tich Iy-hoa tai Bic Kan va Cao Bing)
v6i PC1 (Dim 1) va PC2 (Dim 2).

Bang 5. Tuong quan gitra két qua phan tich mau v6i 04 thanh phan chinh

Khu Ve Diém, khao Thanh phan chinh
; sat PC1 PC2 PC3 PC4
Cao Bang NK.01 0,11 0,37 0,30 0,02
NK.02 0,67 0,09 0,08 0,10
NK.03 0,74 0,14 0,01 0,04
B T NK.04 0,67 0,17 0,02 0,07
: NK.05 0,42 0,37 0,01 0,01
NK.06 0,72 0,16 0,03 0,05
NK.07 0,49 0,23 0,04 0,08
NK.08 0,74 0,01 0,03 0,05
NK.09 0,51 0,02 0,04 0,24
NK.10 0,59 0,02 0,001 0,10
NK.11 0,46 0,11 0,03 0,002
NK.12 0,04 0,13 0,53 0,20
NK.13 0,08 0,01 0,04 0,01
NK.14 0,09 0,12 0,47 0,05
NK.15 0,28 0,17 0,03 0,30
Cao Biing NK.16 0,48 0,01 0,001 0,01
NK.17 0,28 0,19 0,27 0,12
NK.18 0,09 0,09 0,02 0,15
NK.19 0,32 0,52 0,11 0,00
NK.20 0,28 0,01 0,04 0,04
NK.21 0,53 0,01 0,10 0,25
NK.22 0,03 0,28 0,05 0,26
NK.23 0,01 0,31 0,16 0,15
NK.24 0,02 0,06 0,04 0,20
NK.25 0,17 0,51 0,12 0,14
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4.3. Twong quan két qua phan tich Iy héa cdc
mdu voi PCA

So sanh két qua phan tich 1y hoa mau nudc
karst tai Bac Kan va Cao Bang voi cac thanh
phan chinh c6 thé thiy rang, chat luong nudc tai
h6 Ba Bé (Bac Kan) 6n dinh hon khi cdc miu
tuong ddi tap trung trong chiéu khong gian méi
(Hinh 5). Diéu nay thé hién thanh phan héa co
ban cla cac mau nudc tai hd Ba Bé khong co su
khac biét. Két qua phan tich tuong quan gitra két
qua phén tich mau (1a cic thong s6 1y hoa cia
mau nudc) véi PC1 cho tha"iy NK.02, NK.03,
NK.04, NK.05, NK.06 niam trong khoang 0,42 <
r <0,74 (trung binh-manh) (Bang 5) ching to
rang thanh phan hoa hoc ciia nudc karst tai cac
diém khéo sat nay 1a két qua cua qué trinh hoa
tan da carbonate.

Khéc vé6i khu vue Bic Kan, cac mau nudce tai
Cao Bing cho thdy su phéan tan trong chiéu
khong gian méi (Hinh 5). Thanh phan 1y hoa cua
miu nuéc NK.09, NK.10, NK.11, NK.15,
NK.16, NK.17, NK.19, NK.21 twong quan trung
binh véi PC1(0,3 <1 < 0,53) (Bang 5). Cac mau
NK.09, NK10, NK.11, NK.16, NK.21 c6 Ca?* va
HCOs vuot trdi hon so v&i cac mau nude con lai
(Hinh 5) biéu hién cho qua trinh hoa tan da
carbonate ¢ day dién ra manh hon. Bén canh d6
cac diém khao sat NK.19, NK.23, NK.25 c6 mdi
tuong quan dong bién ¢ mirc trung binh véi ca
PC2 (0,31 <r < 0,52) trong d6 NK.19 thé hién
su vuot troi & chi tiéu Na* so vai cac diém con
lai va ddi voi NK.25 1a Mg%, CI, SO4%, c6 thé
do bi anh hudng boi hoat dong nhan sinh.

PCA - Biplot
18 I
4- :
2- . 17 213
| 12
— +(mg ! 15
g.: 122 . ° 4 16
o o 13 14 o, 8 e
g oSSR I, SS L 2
o SSTma3 (a0 +
E 5T T il 20 * =
'a) ~ o | i . . =
PP | 11 HC
3 5 b S pH. |
2- K+(migl)__¢ 5 EC(uS o
g2+ (mgll)
BaBé |
2- (fng
4 - ; 25.
-2 0 2

Dim1 (36,4%)

Hinh 5. D thi biéu dién c4c mau tai Ba BE (2-7), Cao Bang (8-25)
va thanh phan 1y héa véi PCL (Dim 1) va PC2 (Dim 2).

Bén canh do, ma trén tuong quan Spearman
[14] cta 11 bién (chi tiéu 1y héa) cho 25 méau
nuée karst duge sir dung dé dénh gia quan hé
giita cac bién v&i nhau (Bang 6).

Béang 6 di chi ra mbi tuong quan tir manh
(0,6 <r <1), trung binh (0,3 < r <0,6) dén twong
quan yéu va rat yéu (r < 0,3) giita cac tham s6 da
chon. Theo d6, Na* c¢6 mdi twong quan manh
(nghich bién) véi ion Ca?, HCO3 chiing t6 su
tang 1én cta ham luong ion Ca?*, HCO3 s& lam

giam sy xuét hién cia ion Na* trong cic miu
nude (r = -0,79; r = -0,76). Ham lugng Ca?
tuong quan manh véi HCOs'(r = 0,96) trong khi
tuong quan ciia cation nay déi véi anion NOg
hay SO, chi & muc trung binh hodc yéu
(r=0,41, r = -0,12). Ham luong Mg?" va SO4*
c6 tuong quan dong bién véi nhau (1=0,43). Theo
[2] nguon SO trong nudc ¢ thé tir nwde mua,
phan bon, nude thai va sy hoa tan clia cac khoang
chat sunfua. Trong trudong hop nay, khi ham
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luong Mg?* va SO4% ¢6 tuong quan trung binh,
thanh phan héa cac mau nudc bi anh hudng boi
cac hoat dong nong nghiép (cu thé phan bon
Magie Sunfat). Hon nira, ham lugng HCO3™ c6
twong quan trung binh-manh v&i SO4%, Cl', NOg”
cang chi rd hon nudc karst khu vuc nghién ctru
chiu tac dong cua hoat dong nhan sinh. Ham
luong K* va ClI* (r = -0,12); Na" va SO.*
(r=-0,07) c6 mdi tuong quan kém véi nhau, diéu

nay cho thay cac ion dé ngudn gdc khac nhau.
Trong céac thong s6 vat ly ciia nude, pH c6 mdi
tuong quan yéu (r < 0,3) v6i hiu hét cac bién
(thanh phan 1y-héa khéc), trong khi nhiét do co
twong quan trung binh voi K* (r = 0,49), Ca**
(r=-0,4), HCOs (r =-0,37), SO4* (r = 0,47) cho
thdy rang sy thay doi nhiét d6 déu it nhiéu tac
dong to1 thanh phén hoéa hoc nudc karst.

Bang 6. Tuong quan Spearman ciia cac chi tiéu 1y hoa mau nuéc karst khu vire nghién ciru

T';%”g opH | T | EC | k* | Na* | ca | Mg | HCOs | cF | NOy | sog
pH 1

TEC) [ 023 | 1

EC | 027 | 01 | 1

K* | 001 | 049 | 034 | 1

Na~ | 001 | 011 | 0,26 | 054 | 1

Ca¥ | 0,02 | 0,40 | -030 | 0,63 | 079 | 1

MgZ | 045 | 0,00 | 032 | 020 | 006 | 0,00 | 1

HCOy | 003 | 037 | -018 | -055 | -0.76 | 0,96 | 045 | 1

CF | 022 | 0,06 | 0,00 | 042 | 023 | 051 | 025 | 048 | 1

NO; | 022 | 001 | 021 | -013 | 0,35 | 041 | -009 | 034 | 048 | 1
SOZ | 025 | 047 | 061 | 043 | 007 | 012 | 043 | 002 | 024 | 004 | 1

5. Thao lugan

Trong nghién clru nay, cac chi tiéu hoa-ly
ciia nude karst tai 25 diém khéao sat thudc Béc
Kan va Cao Bang di dugc phén tich dwa trén
phuong phép db thi Piper va phuong phap phan
tich thanh phan chinh (PCA). Két qua cho thay
mau nude karst thu duge tai Bac Kan va Cao
Bing déu cho c6 tudng thiry hoa chinh 1a Ca?*
-HCO3', tuong dong véi két qua tir cac nghién
ctru trong nudc [5, 15]. Phéan tich PCA cho thiy
twong quan manh gitra Ca?*, HCOgz, Na* va K*
véi PC1 lan lugt 1a r = 0,905, r = 0,897, r =
-0,729 va r = -0,76 c6 thé két luan riang p dung
phwong phap phén tich thanh phan chinh PCA
trong khu vuc nghién ctru 13 phu hop. Két qua
nghién ctru xac dinh dugc nudc trong cac thanh
tao carbonate hé ting Mia Lé, Bic Son, Song
Hién, phirc hé Cao Bang c6 ngudn gbe chinh tir
hoa tan - rira lia, thanh phan va tinh chét cta dat
da (carbonate) c6 vai tro chii yéu trong viéc hinh
thanh thanh phan hoa hoc cua nudc karst. Ap

dung t6 hop phuong phap PCA va twong quan
Pearson xac dinh su vuot troi vé thanh phén 1y-
hoa clia nude trong cac cong bd cua [1, 12] da
thé hién sy hiéu qué trong nghién ciru nay.
Ngoai ra, anh hudng cua Mg?, NOs, CI,
S04% 1a dang ké tai mot s6 diém khao sat. Tuong
quan ctia cac ion ndy v6i thanh phan chinh PC2
luén & mac manh - trung binh. Thé hién su 6
nhiém tir hoat dong noéng nghiép hay cac hoat
dong nhan sinh khac. Cu thé tai cac diém khao
sat NK.19, NK.23, NK.25 thudc hé tang Bic Son
va séng Hién ham luong Mg, SO.% ¢ tuong
quan tir trung binh dén manh véi PC2 (r = 0,529;
r =0,909) thé hién rd anh hudng cua hoat dong dan
sinh t6i thanh phan hoa nudc karst trong khu vuc.

6. Két luan
Biéu dd Piper x4c dinh tudng thity hoa nudce

karst tai 24/25 diém khéo st 1a Ca?*-HCOy'. Tai
d6, ham lugng ion thay doi theo huong HCOz
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> S0,% > Cl- > NOs7; Ca?* > Mg?* > Na*" > K*.
Nudc tai ca hai khu vuc déu bi chi phdi boi
HCOs voi nong d6 trung binh 1a 145,59 mgl/l
(Béc Kan), 192,56 mg/l (Cao Bang).

Tap hop 11 thong s6 1y hoa ciia 25 mau nudce
duoc rat gon thanh 4 thanh phﬁn chinh duva vao
gié tri riéng. Tong cong 81,53% phuong sai duoc
thé hién theo 4 thanh phan chinh. PC1 dai dién
cua sy twong tac gilta nudc va da khi Ca®
HCOs c¢6 tuwong quan manh (r = 0,905 va
r = 0,897); PC2 thé hién cho cac ngudn 6 nhidém
lién quan dén cac hoat dong ctia con ngudi khi
K*, CI, NOg, SO4* véi tuong quan trung binh-
manh (0,30 < r < 0,90); PC3 va PC4 (tong
phuong sai 22,29%) thé hién cho qué trinh hoa
tan cac khoang chat gidu magie cé tuong quan
trung binh (r = 0,52).

Tuong quan gitta cac chi ti€u phan tich cta
mau NK.02, NK.03, NK.04, NK.05, NK.06 véi
PC1 nam trong khoang 0,42 < r < 0,74 (trung
binh-manh) chi ra riang thanh phan hoéa co ban
cua nudc karst tai cac diém khao sat thuoc hé
tang Mia Lé chiu anh huong cia twong tac gilta
da va nude. Diéu nay 1a tuong ty véi cac dlem
khao sat NK.16, NK.17, NK.19, NK.21 (H¢ tang
Bic Son, Song Hién, phtic hé Cao Bang) khi két
qua phan tich PCA va tuong quan cho thay tuong
quan trung binh véi PC1(0,3 < r < 0,53). Bén
canh do6, tai cac diém khao sat NK.19, NK23,
NK25 thudc hé ting Bic Son va Séng Hién thanh
phan Iy-hoa co tuong quan dong bién & mirc
trung binh véi PC2 (0,31 <r < 0,52) ching té
nude & day dong thoi bi anh huong boi hoat dong
nhén sinh. Tuy nhién, qua trinh chinh xay ra tai
hau hét cac diém khao sat van 14 sy hoa tan - rira
ltia da v6i va dolomite trong khu vire nghlen ctru.
Cac két qua nghién ctru chi ra ring, viéc ap dung
t6 hop phuong phap phan tich thanh phan chinh
PCA va phén tich twong quan la cong cu hiru hiéu
trong xac dinh dac diém nudce karst tai khu vuc.

Lo1i cam on

Bai bao duoc hoan thanh dua trén nguf‘m )
liéu cua Trung tdm Nghién ctru Karst va Hang
dong - Vién Dia chat va su hd trg hoat dong
KHCN cap co s cho can bo nghién ciru tré cua

Vién Han lam Khoa hoc va Coéng nghé Viét
Nam. Tran trong cam on D& tai: “Nghién clru xac
1ap bo tiéu chi lya chon va quy trinh diéu tra cac
khu vyc c6 kha nang ap dung cong nghé bom
PAT cho viing nui cao khan hiém nuéc” — ma s6
DTPL.2021.05 d3 hd tro cong tac do dac, ldy
mau ngoai thyc dia.
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