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Tom tiit Su hién dién ciia nhidu kim loai nang, trong d6 c6 nhimg kim loai ndng dgc hai,
trong tang chira nuéc Pleistocene khu vie TP. HCM di duoc dé cap dén ¢ nhiéu nghién ciru
gan day. Pé c6 thé xac dinh vai tro cta cac hoat dong nhan sinh dén ham luong kim loai
nang, phuong phap phén tich phuong sai mot yeu t6 (one way ANOVA) két hop véi hoi ciru
dir liéu va khao st thuc té da duoc thyc hién. Két qua nghién ciru da cho thiy su khac biét
0 y nghia thong ké ctia ham luong cac kim loai nang Ni, Cu, Cd va Pb gitta cac giéng quan
trac, thé hién tac dong cua hoat dong nhan sinh. Cac kim loai nang Al, Cr, Fe, Mn va Zn
phan anh gi tri nén va chua thé hién tic dong clia qué trinh nhan sinh. Nghién ctru di cho
thdy ANOVA 1a cach tiép can hiéu qua trong xir 1y dit liéu thity dia héa. Cac két qua ctia
nghién ctru cling 1a co s¢ khoa hoc cho cac nha hoach dinh chinh sach quan Iy hiéu qua
ngudn tai nguyén nudc dudi dét tai TP. HCM.

Tir khoa: Nudc dudi dat; Kim loai nang; Phan tich thong ké; ANOVA; Tang chtra nudc
Pleistocene.

1. Giéi thi¢u

Theo co quan bao vé méi truong My, kim loai nang la cac nguyén t6 tu nhién ¢ trong
luong c6 the gay hai dén sinh vét séng & nong do thap va ¢6 xu thé tich liy trong chudi thic
an [1]. N guon nudc bi 6 nhiém kim loai ning c6 thé gay ung thu va doc tinh d6i véi sinh vat
song, thot gian ton tai 1au dai co the vugt qua hang thap ky [2-5]. Trong nude dudi dat, nguon
cung cap cac kim loai ndng bao gdm hai nguon ty nhién va nhan tao. Thudce vé nhom nguoén
gdc ty nhién 13 thanh phan thach hoc cua ting chira nuéc, qua trinh phong hoa d4 va thd
nhudng, qua trinh van chuyén trong khong khi va dong chay mat [2—3]. Cac ngudn gbc nhan
tao dong vai tro quan trong trong su phat tan cac kim loai nang l1a nudc thai cong nghiép
luyén kim, khai thac mo, v.v... Bén canh do, qua trinh nhiém min, axit hoa, suy giam muc
nudce do khai thac qua muc, sut lan dat ciing lam tang nong d6 kim loai nang trong nudce dudi
dat [4-5]. Do d6, kim loai ning 1a mot thong sd can dugc quan tric thuong xuyén dé dam
bdo an toan cho strc khde con nguodi va hé sinh thai.

TP.HCM c6 trit luong nudc dudi dat kha phong phu véi bay ting chira nudc, tir trén
xudng 1a Holocene, Pleistocene trén (qps), Pleistocene giita trén (qp2-3), Pleistocene dudi
(9pa), Pliocene trén (n22), Pliocene dudi (n21) va Miocen trén (nis). O khu vuc phia Bic 1a cac
tang chira nude Pleistocene trong khi ¢ phia Nam (Nam Binh Chanh, quén 7, Nha B¢, Can
Gi0) chi yéu 1a cac tang chira nudc trong trAm tich Holocene) [6]. Tang Pleistocene 13 ting
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¢4 trit lugng 16n nhat va duoc khai thac nhiéu nhat voi 3 phy tang la Pleistocene trén (qps),

Pleistocene gitra trén (qp2-3) va Pleistocene dudi (qp1). Phu tang qp3 dugc cAu tao boi dit da
hat tho thudc phan duéi cua hé tang Pleistocen trén (Q13) phu tryc tiép trén thanh tao rat
nghéo nude Q122 va bi phu boi thanh tao rat nghéo nudc Q- Q1 Dién phan b cua phu tang
qps khoang 1.813 km?, chiém 86,51% dién tich toan thanh phd. Chiéu day cta tang thay d6i
turong dbi 1on tir 4,4 m dén 50,5 m, trung binh 22,6 m. Thanh phan thach hoc chu yeu la cat
min dén  trung, doi chd tho, cat bot, bot cat,... phan 16p, mau trang, Xam trang, xam Vang doi
khi ¢6 13n san séi [6]. Phu tang qpz-3 phi truc tiép trén thanh tao rat nghéo nudc Q1 va bi
phi1 boi thanh tao rat nghéo nudc Q12'3 Phu ting nay c6 dién tich phan b6 2.011 km?, chiém
95,96% dién tich toan thanh pho chiém trén dién rong & Thu Pirc, phia doéng Cu Ch1 (gan
song Sai Gon) va chim sau vé phia bién va phia Tay Nam. Chiéu day cta ting thay d6i twong
dbi 16n tir 5,0 m dén 84,0 m, trung binh 32,2 m. Thanh phan thach hoc chu 'yéu la cat min
dén tho, cat bot, bot cat,. .. phan 16p, phén nhip kha day ty noi mau xam trang, xam vang,
do nau loang 16 ddi khi 6 13n san soi [6]. Phu t?mg qp1 khong 10 ra trén mat ma bi thanh tao
rat nghéo nuéc Pleistocen dudi (Q1%) che phu va phu tryc tiép 1én trén thanh tao rat nghéo
nude Pliocen gitra (sz) Phuy tang nay phan b6 trén dién tich 1.881 km?, chiém 89,76% dién
tich toan thanh phd. Chiéu day cua ting thay d6i tuong ddi 16n tir 1,8 m dén 67,0 m, trung
binh 31,9 m. Thanh phan thach hoc chu yéu 1a cat min, min dén thé c6 1an san s6i phan 16p
va phan nhip kha day mau vang, vang nau, tring xam, thuong xen kep thau kinh cat bot, bot
sét, bot cat [6]. La mot khu vue c6 mat do dan sd cao nén tai nguyén nuge dudi dat @ TP.HCM
tré nén dic biét dé bi tén thuong. Tuy nhién, cac nghién ctru da trlen khai vé chat luong nude
dudi dat tai TP. HCM van con han ché so vdi cac nghién ctru vé ngudn nude mit. Dir lidu
day du nhat tir hé théng quan tric do Chi cuc Bao vé Mdi truong TP.HCM (nay la Trung tam
quan trac mdi truong) va Lién doan diéu tra Quy hoach tai nguyén nudc mién Nam. HE thong
quan trac do Chi cuc Bao vé Méi truong TP.HCM quan 1y gdm 16 tram véi 45 gleng duoc
trién khai tir nam 2007. Chét luong nude dudi dat & cac tram duoc quan tric 3 thang/lan trong
nam. Tam kim loai dugc quan tric 1a Fe, Zn, Cu, Pb, Cd, Ni, As va Cr. Két qua quan tric da
cho thay ¢6 ba kim loai (Pb, Cd va Mn) d ¢6 xuhuong tang ¢ ca ba tang Pleistocene, Pliocene
trén va Pliocene dudi [7]. He thong quan tric qudc gia do Lién doan diéu tra Quy hoach tai
nguyén nudc mién Nam bao gém 16 tram voi 45 giéng dugc trién khai tir nam 1990. Tam
kim loai dugc quan trac 1 Fe, Zn, Cu, Pb, Cd, Ni, As va Cr. Két qua quan tric ctia Lién doan
Quy hoach va Piéu tra Tai nguyén nuoc mién Nam d4 cho thiy trong pham vi TP. HCM da
c¢6 dau hiéu ting cao mot sd chi tiéu (Fe, Mn va Cd) so véi gia tri gidi han [8]. Mot s6 cong
trinh nghién ctru khac ciing di dé cap dén sy gia ting ham luong kim loai nang nhu Mn va
Fe [9] hodc Cu, Pb va Zn trong nuge dudi dat khu vye TP.HCM [10]. Do d6, nghién ctru Xac
dinh ngudn goc clia cic chét 6 nhiém nay rat can thiét. Cac bao co quan tric chi yéu so sanh
v6i quy chuan Viét Nam dé danh gia mirc d6 6 nhiém va phuc vu cong tac quan 1y nha nudc,
chua quan tam dén phén tich bo s6 liéu nay, chua dé cap dén cac gia tri vuot quy chuan cho
phép c6 ngudn gde “ty nhién” hay “nhan sinh”. Nghién ciru ciia nhom tac gia [10] tuy da dé
cap dén anh huong cua hoat dong nhén sinh dén cac kim loai Cu, Pb va Zn nhung con mang
tinh chat dinh tinh dya trén két qua khao sat thyc té. Chinh vi vay, rat can mot phuong phap
hi€u qua, c6 do tin cay cao dé c6 thé xé4c dinh nguén géc ctia cac chét 6 nhiém nay. Pac biét
d6i v6i khu vuce d6 thi nhu TP.HCM thi danh gia dugc anh hudng ciia hoat dong nhan sinh
1a yéu cau cip bach hién nay.

Trong thuc té, sy twong tac gitta cac nguén dia chat va nhan sinh rat phuc tap va hién
nay phuong phap phan tich thong ké 1a cach tiép can hiéu qua va di duoc ap dung rong rii
dé co thé xac dinh ngudn goc cua cac kim loai ndng trong nudc dudi dat [11-13]. M6t trong
nhiing phuong phap phd bién 1a ky thuat phéan tich nhan t6 [14-16] hodc két hop phan tich
nhan t6 va phan tich cum [17—19] dé co thé trich rat ra cic nhém kim loai c6 ciing ngudn gbc
(tu nhién hay nhan sinh) tir b dit liéu ban dau. Tuy nhién, dé c6 thé ap dung k¥ thuat nay
can c6 nhitng diéu kién t6i thiéu nhu tip mau tuan theo phan phdi chuan va théa man cac
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diéu kién cua kiém dinh Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) va
kiém dinh Bartlett [20-21]. Trong thyc té, cac tap mau thuy dia hoa rat kho thé hién phan
ph01 chuan do sy khac biét vé khong gian gitra cac vi tri 14y méu. Trong truong hop nay, ¢6
the ap dung phan tich phuong sai mét yéu tb (oneway ANOVA). Phan tich phuong sai mot
yéu t6 12 phén tich dya trén anh huéng ciia mot nhén t6 va da dugc dp dung rong ri dé kiém
dinh gia thuyét vé sy khac biét thong ké cta cac nhém mau véi sai sb toi da 5% [20-21].
Céch tiép can nay di duoc ap dung rong rii trong cac nghién ctru vé thanh phan hoéa hoc nudc
va dac biét 1a xac dinh nguén gbc kim loai ning trong nudc dudi dat [22— 25]. Cu thé, tac gia
[25] da co thé xéac dinh ngudn thai c6ng nghi€p 1a nguyén nhén gay ra 6 nhiém kim loai nang
trong ngudn nugc cap. Tuong tu, tac gia [26] ciling d ap dung phan tich ANOVA cho thay
bén canh ngudn ty nhién (Phong hoa silicat va cacbonat) thi hoat dong khai thac mé va néng
nghiép 1a nhitng yéu t6 c6 anh hudng dén thanh phan hoa hoc tang chira nude.

Muyc tiéu clia nghién ctru 1a: (1) Panh gia hién trang 6 nhiém kim loai ning (Al, Cr, Cu,
Ni, Mn, Fe, Zn Cd va Pb) va (2) Xéc dinh vai tro hoat dong nhan sinh dén sy phan b6 kim
loai nang trong nudc dudi dat tang Pleistocene khu vye TP.HCM bang phuong phap phén
tich ANOVA. Tang Pleistocene duoc liwa chon 1a tang chira nudce nghién ciru vi day la tang
chiu tac dong ctia cac hoat dong nhan sinh [9-10] dong thoi ciing 1 ting chira nudc duoc
khai théc nhiéu nhat 6 TP.HCM [6]. V6i nhiéu wu diém, phuong phap phan tich ANOVA 1a
cach tiép can méi dugce lua chon dé ap dung trong xur 1y bo dir lidu. Két qua nghién ctru la co
s& khoa hoc trong thiét ké mang lu6i quan trac tai nguyén nudc va dé xuat giai phap phu hop
dé giam thiéu 6 nhiém, bao vé ngudn tai nguyén nudc dudi dat trén dia ban TP.HCM.

2. Phwong phap xir 1y s6 liéu

2.1. Di liéu dau vdao

29 mau nudc dudi dat thude ting chira nude Pleistocene da duge thu thap cliing voi hai
dot quan tric (thang 5 va thang 9 nam 2017) cua Trung tdm quan trac TP.HCM va Lién doan
quy hoach diéu tra tai nguyén nudc mién Nam (Hinh 1). Mau sau khi chuyen vé phong thi
nghiém dugc bao quan trong ti mat & 2-8°C va duoc do trong vong mot tudn. Mau duogc loc
qua mang loc PTFE 0,45 pm va ham lugng cac kim loai ndng Al, Ni, Cu, Zn, Fe, Mn, Cd,
Pb va Cr dugc phan tich bang thiét bi ICP-MS (Inductively Coupled Plasma Mass
Spectrometry) tai phong thi nghiém Dia chat va Khoang san, Truong Dai hoc Tai nguyén va
Moi truong TP. HCM [27].
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2.2. Phirong phdp xir Iy s6 liéu

Do ¢6 mdt s6 mau c6 ham luong thap, nhod hon gidi han phat hién nén s& duoc gan gia
trj 1a 1/3 gidi han phat hién dé dam bao du dir liéu cho phan tich théng ké [28]. Quy trinh xur
1y bd dir liu dugc thuc hién bang phan mém SPSS (Statistical Package for the Social
Sciences) gdm cac budc nhu sau:

a) Xac dinh ham phéan bd cta tip miu

Mot tap mau phan phéi chuan thuong co tri s6 trung binh va trung vi gan bang nhau. Dé
xéac dinh tp miu c6 tuan theo phan phdi chudn hay khong trude hét dwa vao gia tri cua gla
tri 6 1éch (skewness) hodc do nhon (kurtosis). Gia tri tuyét dbi cua do léch thap (gan bang
0) thi tdp mau c6 tuan theo phan phéi chuan. Gia trj d6 léch cang cao thi tdp mau co phan bd
cang bat ddi ximg. Trong trudng hop d6 nhon thi gia tri tiéu chuén 1a 3 [20]. Ngoai ra, trong
SPSS ciing ¢ cac cong cu khac dé kiém dinh tinh phan phdi chuan cta tap mau va Shapiro-
Wilk test 1a mot nhitng céng cu dugce khuyén khich sir dung khi s6 lugng bién thap (< 30)
[21]. Mot tap mau dugce coi 1a ¢6 phan phdi chuan khi mirc ¥ nghia (Sig.) 16n hon 0,05. Do
d6, v6i dir liéu hién co ciia nghién ctru c6 thé ap dung Shapiro-Wilk test dé xac dinh ham
phan bd cta tap mau.

b) Phéan tich ANOVA

Dua trén cac két qua xac dinh ham lugng cac kim loai ndng cung véi s6 liéu quan tric
va khao sat thuc dia, tién hanh phan loai cac giéng thanh hai nhém: nhém 1 1a cac giéng
khong xudt hién cac gia tri bat thuong do d6 duge xép vao nhom khdng chiu anh huéng cua
hoat dong nhan sinh. Nhém 2 13 giéng c6 su ting cao cua ham lugng kim loai nang va ¢
nhitng dit liéu vé anh hudng ciia hoat ddng nhan sinh.

K§ thuat phan tich ANOVA duoc ap dung dé kiém dinh su khéac biét vé mit théng ké
gilta hai nhom giéng nay - hay noi cach khac 1a tra 101 cau hoi tac dong hoat dong nhén sinh
c¢6 dan dén su khac biét vé ham luong kim loai ning trong cac giéng quan trac hay khong.

Dit liéu dau vao gém 1 bién phan loai (tic dong cia hoat dong nhan sinh) va cac bién
dinh luong (ham luong ctia 5 kim loai ning Ni, Cu, Cd, Pb va Mn). Luc nay tap mau co6 k la
s6 nhom (thong sd); j: s6 quan sat trong mot nhom; n 1a téng sd quan sat ctia cac nhom. Trung
binh ciia cac tong thé dwoc ky hiéu 1a pi (ua; p2 ... ps) thi md hinh phan tich phuong sai mot
yéu to anh hudng duoc mo ta dudi dang kiém dinh gia thuyét nhu sau:

Ho: 1 = p2 =.... =ps tlrc 13 bién nguyén nhan dinh tinh (hoat dong nhén sinh) khong co
tac dong gi lén ket qua cua bién dinh luong (ham luong kim loai ndng).

Hu: Ton tai it nhat mot cp ¢ i #yj; i # j tirc 1a bién nguyén nhan dinh tinh ¢6 anh hudéng
dén bién dinh luong.

Trinh ty thyc hién phan tich ANOVA gdm hai phan [15-16]:

Phén 1: Thuc hién Levene test dé dung kiém dinh phuong sai bang nhau hay khong gitra
cac nhom (céc kim loai)

Sig < 0,05: bac bo HO; Sig > 0,05: Chip nhan Ho va tdp miu du diéu kién dé phan tich
ANOVA

Phéan 2: Thuc hién ANOVA test

Budc 1: Tinh cac trung binh mau (¥;) va trung binh chung (¥) ctia 5 kim loai ning

- Yiz1 Xjj

Xj = f (1)
= — 2{;1 nj XX; 2
=S 2

‘Trong d6 x; 1a ham luong cua 5 kim loai nang (ng/h,i=12...k(k=5);j=1,2, ... n;
n: s6 giéng quan tric (n = 29).

Budc 2: Tinh cac tong d6 1éch binh phuwong ndi nhém (ndi b timg kim loai - Sum of
Squares Within Groups (SSW)), téng d6 1éch binh phuong giira cic nhém - Sum of Squares -
Between Groups (SSB)) va téng do 1éch binh phuong cia toan bo tong thé - Sum of Squares
- Total (SST)).
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SSW = YK 12 1(Xj5 — %)? 3)
SSB = Y.y m; X (X; — Xj)? (4)
SST = X5, X7, (X —%)° (5)

Budc 3: Tinh cac phuong sai ndéi nhom (Mean Square - Within Groups (MSW)) va
phuong sai gitra cac nhom (Mean Square - Betweem Groups (MSB))
MSW = = (6)

_ ssB
MSB = — ()

Budc 4: Kiém dinh gia thuyét

Sig < 0,05: Bac bo Ho tuc 1a du diéu kién dé khang dinh c6 su khac biét giita cac kim
loai ning d6i v6i bién phu thudc (hoat dong nhan sinh).

Sig > 0,05: Chép nhan tirc 1a chua du diédu kién dé khang dinh ¢ su khac biét giita cac
nhom dbi véi bién phu thudce.

3. Két qua nghién ciru va thio luin

3.1. S hién dién cua cac kim logi nang trong tdng chita nuwoc Pleistocen khu vuec TP.HCM

Két qua nghién ctru da cho théy su hién dién cta nhiéu kim loai nang, trong d6 cé nhitng
kim loai niang doc hai trong ting chira nudc Pleistocene khu vyc TP. HCM. Tuy nhién, ham
luong cua cac kim loai trong tang chira nuéc Pleistocen khu vuc TP.HCM van con ¢ mic
kha thap. Pdi v6i cac kim loai nhu Cr, Cu, Zn va Cd thi 100% tong s6 mau déu nho hon gia
tri cho phép ctia Quy chudn Viét Nam (QCVN 09:2023) (Bang 1). C6 mét s6 kim loai (Fe,
Mn, Ni va Pb) da vuot qua gia tri gioi han cia QCVN 09:2023. S6 giéng c6 gia tri vugt qua
quy chuan cho phép lan lugt 1a Mn (4 giéng twong ting 15%); Fe (10 giéng twong tng 37%);
Ni(3 gleng 0 khu cong nghi€p Téan Tao va Tan Son Nhét tuong tng 3% tong sb giéng va Pb
(01 giéng quan trac tai Phan Van Co6i (QPVC, Cu Chi). Do Al khong ¢ gié tri gi6i han theo
QCVN 09:2023 nén dé so sanh da str dung ctia T6 chire y té thé giéi WHO 1a 30 pg/L.

Bang 1. Cac tham s6 théng ké mé ta cia tap mau.

oz Al Cr Mn Fe Ni Cu Zn Cd Pb
Nguyén to
o/l
Gi4 tri 16n nhat 534 1,22 1518 46070 34,81 21,59 167 2,08 31,17
Gié tri nho nhat 35 0,05 8,50 16 0,74 0,53 13 0,03 0,07
Trung vi 156 0,09 95 920 3,68 3,18 27 0,05 0,66
Trung binh 186 0,22 206 8303 6,52 4,98 42 0,17 2,43
Do léch chudn 154 0,32 330 12996 8,15 4,61 40 0,39 5,89
Do léch 0,76 4,99 8,98 3,39 6,68 5,01 3,77 2251 21,85
Do nhon 1,10 2,45 2,91 1,98 2,55 1,94 2,10 4,56 4,50
QCVNO09-2023 30@ 50 500 5.000 20 1.000 3.000 5 10
S6 mau > QCVN 11 0 4 10 3 0 0 0 1
% 69 0 15 37 11 0 3,7

Chd thich: a: [29].

3.2. Xdy dung gid thuyét vé vai tro ciia cdc hoat ddng nhdn sinh dén ham lwong kim logi

Dua vao db thi boxplot vé su phan bd cua cac kim loai niang (Hinh 2) cho thay c6 mot
sO giéng da thé hién gi4 tri khac biét, cu thé nhu sau:

Mn thé hién gia tri cao tai giéng quan trac TTB (1,518 mg/l) thudc tram quan tric Tan
Tao, huyén Binh Chanh. O tram nay c6 hai giéng quan trac 1a TTA va TTB. B01 sanh voi s6
liéu phén tich vao thoi diém thang 5/2017 di cho thiy ham lwong Mn tai giéng TTB ciing &
mirc cao (558 mg/1) (Hinh 3). Do d6, c6 thé danh gia da xuét hién di thudng Mn & giéng TTB.
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Twong ty, ham lugng cao cta Ni ciing duoc phat hién tai hai giéng TTA va TTB cua
tram quan trac Tan Tao. D6i sanh véi dit liéu quan tric trude ddy cho thdy két qua phan tich
nam 2017 kha tuong dong (Hinh 2). Bén canh d6 néu so sanh sb liéu ciia dé tai va sb liéu
quan tric cua Chi cuc bao vé méi truong ddi voi ba ting chira nude (Plesitocene, Plioence
trén va dudi) trong giai doan 2012-2014 di cho thdy ham luong Ni ¢ mirc cao va tang
Pleistocene ludn c6 ham luong Ni cao hon hai ting duéi (Hinh 3). Giéng quan tric nay l1a
tram danh gia tac dong cua hoat dong nhan sinh khac nhau (cong nghi¢p, do thi, v.v.) nén co6

thé xac dinh cac hoat dong nhan sinh 14 nguyén nhan gay ra di thuong cta Ni.
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Hinh 2. B thi boxplot thé hién su bién thién ciia ham lugng cac kim loai ning (ug/l) trong tﬁng chtra
nudce Pleistocence.
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Hinh 3. Su bién thién theo thoi gian cua ham lugng cac kim loai ndng Mn, Ni va Cd (Tram TTA va
TTB); Cd (Tram GV) va Pb (Tram QPVC).

Ciing tai Tram Tan Tao da thay xuat hién di thuong cia Cu (gleng TTB). Nhung ¢ giéng
TTA thi ham luong tuong d6i thap. Khi hoi ciru véi s6 liéu quan tric thot diém thang 5/2017
thi ham lugng Cu tai gieng nay ¢ mirc cao (32 pg/L). Pong thoi, néu so sanh voi chudi sb
lidu quan tric cta giai doan 2012-2014 da cho thay su khac biét 10 rét so voi thoi diém 2017
(Hinh 3). Co6 thé danh gi4 rang Cu dé co xu thé tang cao tai giéng TTB.

Nguoc lai voi cac nguyén t6 trén, Cd chi thé hién mot di thuong tai Tram Go Vap, giéng
GVB. Tuy nhién ciing can luu y rang cung tai tram nay, ham lugong Cd tai giéng GVA lai
turong dbi thap. Xu thé nay cling dugce thé hién tai thoi diém thang 5/2017 (Hinh 3). Tram c6
vi tri 0 khu dan cu An Loc nam canh kénh Vam Thuat cach kénh khoang 20m. Cac hoat dong
nhan sinh nhu néng nghiép, dat tréng va dat ngap nudc trong rau mudng c6 thé 1a nguyén
nhan gia tang ham luong Cd.

Ham lugng Pb thé hién di thuong tai giéng QPVC, tram Pham Van Coi, huyén Cu Chi.
So sanh véi dit liéu quan trac ciia Lién doan Quy hoach va Diéu tra tai nguyén nudc mién
Nam ciing cho thay tir nim 2013 ham lugng Pb da c¢6 déu hiéu ting so voi thoi gian trude
(Hinh 3). Theo thuc té khao sat giéng quan tric tai khu vire ndm gan khu néng nghiép Pham
Vin Coi. Cac héa chét sir dung trong nong nghiép ciing c6 thé 1a mot ngudn phat sinh ra Pb
va lam anh huong dén su ting cao ham luong Pb trong tﬁng chtra nu6e. Bén canh do, dya
theo mat cat thiy van ctia ban d0 dia chat thuy van thanh phd Ho Chi Minh, gleng quan trac
QPVC (Q9902B) c6 thanh phan thach hoc cua 16p phu ciing nhu tang qp3 chu yeu la bot cat
nén kha nang cac chat 6 nhiém khuéch tan xudng céc tang chtra nudc 14 rat cao [30]

Véi bon kim loai khac (Al, Cr, Fe, Zn) khong thé hién sy khac biét ro rét v€ khong gian
giita cac giéng quan trac va duoc danh gi 12 phan anh vai tro cta yéu tb tir nhién. Do do gia
thuyét chi co ba giéng 1a TTB, GV, QPVC 1a di chiu anh huong ciia ngudn 6 nhiém nhan
sinh. Dé kiém chtng gia thuyet nay s€ thuc hién phan tich ANOVA dé xac dinh c6 hay khong
su khac biét c6 ¥ nghia thong ké gitra 3 giéng noéi trén va 26 giéng con lai.

2.3. Két qua kiém chitng gid thuyét bang phan tich thong ké ANOVA

a) Xac dinh ham phén bd cua tap mau

Két qua trinh bay cac tham s6 thong ké mé ta ctia tap mau ham luong kim loai ning dugc
trinh bay tai bang 2. Tat ca cac kim loai nghién ctru déu c6 gia tri trung binh (mean) cao hon
trung vi (median). Thém vao do, gia tri cua do 1éch. chuan ciing rat 16n. Do d6, cac kim loai
nang nghién ciru déu thé hién sy phan tan cua tap mau - hay néi cach khac cac kim loai c6 sy
bién thién rat 16n giita cac giéng quan tric. Két qua xac dinh do 1éch cho thiy tat ca cac kim
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loai déu co gia tri tuyét dbi khac thé hién khong tuén theo phan phdi chuan, tip mau c6 phan
bd cang bat d6i xung. Bén canh do, gia tri d6 nhon ciing thé hién sy bat dbi xtimg ctia tap mau
va c6 thé danh gia rang tap méu khong tuan theo phan phdi chuén.

Tuong tu, két qua cua kiém dinh Shapiro-Wilk ciing cho thay tap mau nay cting khong
tuan theo phan phdi chuan do gia tri muc y nghia p < 0,05. Do d9, dé co thé thyc hién cac
phan tich thong ké tiép theo, dit liéu can chuyén d6i sang logarith (log10). Sau khi logarith
hoa bd dir liéu thi cac kim loai ning da tudn theo phan phdi chuin ngoai trir Cr va Cd
(Bang 2).

Bang 2. Két qua xac dinh ham phén bé theo kiém dinh Shapiro-Wilk.

Shapiro-Wilk Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Mn 0,574 29 0,000 IgMn 0,965 29 0,435
Ni 0,664 29 0,000 IgNi 0,968 29 0,501
Cu 0,816 29 0,000 IgCu 0,972 29 0,610
Cd 0,389 29 0,000 lgCd 0,790 29 0,000
Pb 0,405 29 0,000 IgPb 0,969 29 0,529

Statistic: Gia tri cua thong ké Shapiro-Wilk; df: béc ti do; Sig.: mizc y nghia
Do d6, véi s6 liéu sau khi logarith hda dam bao diéu kién dé dé phan tich ANOVA.

b) Két qua phan tich ANOVA

Nhu da trinh bay ¢ trén, ky thuat ANOVA dugc thyc hién dé kiém dinh gia thuyét 1a
ham lugng mét sb kim loai (Mn, Ni, Cu, Cd va Pb) tang cao tai ba giéng TTB, GV va QPVC
1a do anh huong dang ké ctia nguon 6 nhiém nhan sinh. Do do6 gia thuyét Ho 1a c6 sy khac
biét vé mat thong ké vé ham luong ctia nam kim loai & 3 giéng (TTB, GV, QPVC) so v&i 26
giéng con lai.

Két qua phéan tich ANOVA véi cac kim loai ndng dugc trinh bay tai bang 3 va bang 4.
Bang 3 trinh bay két qua kiém dinh su bang nhau ctia cac phuong sai (Test of Homogeneity
of Variances). Tat ca cac kim loai khao sat déu co gia tri mirc y nghia (Sig.) & kiém dinh nay
>0,05. Do d6, phuong sai giita cac Iyra chon cua bién dinh tinh & trén khong khac nhau va c6
thé sir dung két qua & Bang 4.

Bang 3. Két qua kiém dinh sy bang nhau cta cac phuong sai.

Levene statistic dfl df2 Sig.
IgNi 1,156 1 27 0,292
IgCu 0,002 1 27 0,966
IgCd 1,684 1 27 0,205
IgPb 0,012 1 27 0,914
IgMn 0,368 1 27 0,549

Levene statistic: Gid tri thong ké Levene, dfl & df2: S6 bdc tw do; Sig. mitc ¥ nghia (mdc dinh la 0,05
twong vmg voi dé tin cdy ciia kiém dinh 1a 95%).

Bang két qua ANOVA da cho thay chi c6 Mn c6 gia tri sig = 0,99 > 0,05 chép nhan gia
thuyét Ho - the hién ham lugng kim loai nay khong c6 su khac biét co y nghia thong ké gitra
hai cum giéng hay noi cach khac, ngudn 6 nhiém nhén sinh khong anh huong dén kim loai
nay. Bén kim loai con lai (Ni, Cu, Cd va Pb) c6 gia tri sig < 0,05 thé hién su khac biét c6 ¥
nghia thong ké giita hai cum giéng hay néi cach khac, ngudn 6 nhiém nhan sinh di c6 anh
huong nhat dinh dén cac kim loai nay.

Bing 4. Bang két qua ANOVA.

Sum of Squares df Mean Square F Sig.

SSB 1,577 1 MSB 1,577 10,070 0,004

IgNi SSW 4,228 27 MSW 0,157
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Sum of Squares df Mean Square F Sig.

SST 5,805 28

SSB 0,728 1 MSB 0,728 4,673 0,040
IgCu SSwW 4,205 27 MSW 0,156

SST 4,932 28

SSB 2,017 1 MSB 2,017 11,099 0,003
lgCd SSwW 4,907 27 MSW 0,182

SST 6,924 28

SSB 3,234 1 MSB 3,234 10,566 0,003
IgPb SSwW 8,263 27 MSW 0,306

SST 11,496 28

SSB 0,738 1 MSB 0,738 2,919 0,099
IgMn SSwW 6,825 27 MSW 0,253

SST 7,562 28

df: s6 bdc nr do; Mean Square: Trung binh binh phwong; F: Ty s6 phiong sai; Sig. mitc y nghia (mdc
dinh la 0,05 twong wrng voi do tin cdy cua kiém dinh la 95%).

4. Kétluan

Phuong phép phén tich thdng ké ANOVA 1a mét cach tiép can hop 1y trong xur 1y dit lidu
va danh gia chét luong nudce dudi dat. Ap dung ddi v6i khu vue TP. HCM, két qua phan tich
ANOVA di duoc kiém chimg bang s6 liéu quan trac va khao sat thuc dia dé xac dinh anh
hudng cta cac hoat dong nhén sinh dén ham lwong kim loai ning trong nudc duoi dat tang
Pleistocene. Bon kim loai nang Ni, Cu, Cd va Pb da c6 gia tri tang cao tai mot s6 giéng quan
trac (TTB, GV, QPVC) dong thoi cling thé hién c6 su tac dong nhat dinh cia hoat dong nhan
sinh. Nam kim loai con lai bao gém Al, Cr, Fe, Mn va Zn phan anh vai tro cua cac yéu t6 tr
nhién nhu thanh phan thach hoc cua tang chira nudc.

So véi quy chudn cho phép (QCVN 09:2023), ham lugng cac nguyén t6 noi trén con &
murc thap. Tuy nhién, do c6 sy tang cao cua Cd va Pb 1a nhiing kim loai néng c6 doc tinh, c6
thé gay ung thu nén van can tiép tuc trién khai quan tric thuong xuyén.

DPong gop cua tac gia: Xay dung y tuong nghién ctu: HT.T.T.; Xu ly sé lieu: T.D.D.,
C.T.V.; Viét ban thao bai bao: H.T.D., T.D.D.; Chinh stra bai bao: T.T.C.L., C.T.V.

Loi cam on: Nhom tac gia tran trong cam on B Tai nguyén va Moi truong, Truong Pai hoc
Tai nguyén va Mai truong TP.HCM da tai tro kinh phi thyc hién dé tai; su hd tro cua Trung
tAm quan trac (SO Tai nguyén va Moi truong TP.HCM) va Lién doan Quy hoach va Diéu tra
Tai nguyén nudc mién Nam trong qua trinh thu thap miu hién truong.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1a cong trinh nghién ctru cua tap thé
tac gid, chua dugc cong bo ¢ dau, khong dugc sao chép tur nhitng nghién ctru trudc day;
khong c6 sy tranh chap loi ich trong nhoém tac gia.
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Studying the impact of anthropogenic activities on heavy metal
contents in Pleistocene aquifers in Ho Chi Minh City
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Abstract: The presence of various heavy metals, including hazardous metals, in Hochiminh
City's Pleistocene aquifer has recently been reported. The ANOVA approach (analysis of
variance) was used in conjunction with monitoring data and field surveys to investigate the
effects of anthropogenic activities on heavy metal levels. The findings indicate that
anthropogenic activities have an impact on the distribution of heavy metals such as Ni, Cu,
Cd, and Pb. There was a statistically significant difference of these metal levels between the
monitoring wells. Although the levels of these metals remain low, they must be monitored
on a regular basis, notably for Cd and Pb. The other heavy metals, Al, Cr, Fe, Mn, and Zn,
showed natural backgrounds and insignificant impacts from anthropogenic activities. It
proved that one-way ANOVA was effective in carrying out hydrogeochemical data analysis.
This study results provided scientific baseline for policy makers to effective manage
groundwater in Hochiminh City.

Keywords: Groundwater; Heavy metals; Statiscal analysis; ANOVA, Pleistocene aquifer.
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