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TOM TAT

Nghién ctru ndy nham danh gia mic d¢ 6 nhidém va dic diém phan b theo chiéu siu cta cac chét 6
nhiém trong dét tai cac khu cong nghiép trong diém Thanh ph Pong Nai. Tong cong 150 mau dat
dugc thu thép tai 6 khu cong nghi¢p, phan tich cac chi tiéu pH va ham lugng cac kim loai nang nhu:
Pb, Zn, Cu, Cd, Hg, As va sunfat (SO42"). Nghién ctru dya trén viéc phan tich hé sb tich tu bé mat (R),
xéc dinh mdi tuong quan dya trén phuong trinh hdi quy tuyén tinh gitra tang dat mat (0 - 30 cm) va
tang sau (30 - 60 cm), phén tich phuong sai (ANOVA) va chi s6 tich lily dia chat (Lgeo)- Két qua cho
thiy, dit c6 xu hudéng chua (pHgc = 4,21 - 5,48), cb the lam gia tang tinh linh dong cia mdt s6 kim
loai ning. Méi twong quan chit ché gitra ndng do hai tang dit (R? > 0,90) phan anh xu thé bién thién
déng thoi, tuy nhién van ton tai sy khac biét cuc bd theo khong gian. Két qua ANOVA (p < 0,05) cho
thay, su khac biét c6 y nghia thong ké giita cac khu cong nghiép. Panh gia theo chi so lgeo cho thiy, Cd
1a nguyén té c6 muc do tich tu dang cha y nhat, trong khi cac kim loai khac cha yéu thé hién sy giau
hoéa cuc bo tai mét s6 khu vye. Nhin chung, sy phan bo kim loai nang trong dat khu cong nghiép tai
thanh phd Ddng Nai chiu anh huéng tong hop ciia ngudn phat thai va cac yéu t thd nhudng. Két qua
nghién ctru cung cdp co s& khoa hoc cho cong tic quan tric theo chiéu sdu va quan Iy rii ro moi
truong dét trong diéu kién cong nghiép hoa.

Tir khéa: O nhiém kim loai ning, 6 nhiém dit & khu cong nghiép, 6 nhiém dat xam, é nhiém ddt do, phan

bé theo chiéu sdu.

1. DAT VAN DE

O nhiém kim loai ning (KLN) trong d4t dang
tro thanh mot trong nhiing thach thirc moi trudng
nghiém trong trén pham vi toan cau, dic biét tai
cac qudc gia dang phat trién co téc do cong
nghiép héa va d6 thi hoa nhanh. Cac nguyén to
nhu: Cd, Pb, As, Cu va Zn c6 dic tinh bén ving,
khong phan huy sinh hoc, kha nang tich 1y sinh
hoc cao va co thé gay doc tinh lau dai d6i v6i hé
sinh thai dét, cay trong va strc khoe con nguoi [1, 2].
Trong bdi canh toan ciu, nhiéu nghién ctru gan
day cho thdy, tir 14 - 17% dién tich dat néng
nghiép thé gidi c6 dau hiéu tich liy KLN vuot
ngudng an toan, chu yéu tap trung tai cac khu vuc
chiu tac dong manh cua hoat dong cong nghi€p va
khai khoang [3 - 6].

Sy gia tang ham lugng KLN trong dit gin
lién v6i cac ngudn phat thai tir khu cong nghiép
(KCN), luyén kim, san xuét hoa chét, tai ché kim
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loai, xtr 1y chat thai ran va giao théng do thi [7 -
9]. Cac nghién ctru tai Trung Qudc, Thai Lan va
An P da ching minh riang, dit xung quanh KCN
thudng c6 hé sé 1am giau (EF) va chi s tich liy
dia héa (Igeo) & mirc trung binh d&n cao, phan
anh rd rang tac dong nhan sinh [10 - 12]. Pac
biét, cac nghién ctu giai doan 2015 - 2025 nhin
manh rang, khong chi ting dit mat ma ca tang dat
sau (20 - 50 cm) ciling ghi nhan xu hudng tich Iy
KLN do qua trinh rira tréi va van chuyén thing
dimg dudi tac dong cua pH, vat chit hitu co va
ciu tric dat [13 - 16].

Vé mit co ché dia hoa, tinh linh dong cua
KLN phu thugc manh vao dic tinh 1y hoa dat
nhu: pH, ham lugng mun, thanh phﬁn céip hat va
diéu kién oxy hoa - khir [17]. Trong diéu kién
nhiét d6i am, viéc nghién ctru dong hoc tich liy
KLN giita tang dat mat va tng dat sau co y nghia
dac biét quan trong do cuong d6 phong hoda
manh, lugng mua 16n va méi truong dat thuong
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c6 pH thap, 1am gia ting kha nang hoa tan va di
chuyén cta kim loai trong phau dién dét [1, 2].
Qua trinh rira troi theo mua mua co thé thic day
su dich chuyén cua cac nguyén té nhu Cd va Zn
xubng tang sau, trong khi Pb va Cu c6 xu huéng
bi giit lai & ting mat nho lién két voi chit hitu co
va oxit Fe-Al dac trung cua dét nhiét doi. Do do,
phan tich dong thoi hai ting dat khong chi phan
anh murc do tich Ity hién tai ma con cho phép
danh gia xu thé van chuyén va nguy co lan truyén
thtr cap trong dai han.

Bén canh d6, cac KCN da nganh tai DPong
Nam A c6 tinh didc thu cao do su tip trung dong
thoi cua nhiéu loai hinh san xuét nhu co khi,
luyén kim, dién - dién t& va ché bién thuc phém
trong cung mot khong gian dia 1y, tao nén phd
phat thai kim loai phtic tap va chdng lan [4, 12].
Qua trinh cong nghi¢p héa nhanh cung sy khac
biét vé quy mé quan Iy méi trudng giita cac qudc
gia trong khu vuc cang lam gia ting nguy co tich
lity kim loai trong dt theo thoi gian.

Tai Viét Nam, qua trinh cong nghiép hoa
manh mé& trong hon ba thap ky qua da lam gia
tang ) luong KCN va cum cong nghiép, dac biét
tai cac tinh trong diém phia Nam. Nhiéu nghién
ctru da ghi nhan sy tich ty KLN trong dat nong
nghiép va dat d6 thi 1an can KCN, v&i mot sb vi
tri vugt ngudng quy dinh [18, 19]. Cac nghién
ctru tai khu vuc thanh phé Pa Ning va tinh An
Giang ciing cho thdy ham lugng Cu, Zn, Pb va As
ting cao tai cac vi tri gin KCN va tuyén giao
thong chinh, phan 4nh anh huéng két hop cua
hoat dong cong nghiép va dé thi hoa [20, 21].

O cac nu6e cb nén cong nghiép dang phat
trién, hoat dong san Xuét va thai bo chat thai kim
loai din dén phan bé KLN theo khong gian va
chiéu sau khic nhau, tao ra cac diém nong 6
nhidm c6 dic thu riéng theo nganh nghé va lich
su hoat dong. Bén canh do6, cac phwong phap
danh gia 6 nhiém nhu hé s tich tu (R), chi s6 tich
Ity dia hoa (Ige,), hé s6 giau hoa (EF) va cac mo
hinh danh gia rai ro sinh thai va sttc khoe cong
déng da duoc st dung rong rai dé dinh luong
muc do 6 nhiém va nguy co lién quan [22].

Thanh phé Pdng Nai 1a mot trong nhiing
trung tdm kinh té - cong nghiép phat trién ning
dong nhét tai Viét Nam. Véi lich st phat trién
cong nghiép lau doi, dac biét la sy tdp trung clia
cac KCN trong diém nhu Bién Hoa, Long Thanh,

Nhon Trach, Trang Bom, dia phuong nay dang
phai d6i mat véi nhimg ap luc moéi truong rat 16n.
Céc hoat dong san xuat da dang tir luyén kim, co
khi, linh ki¢n dién tir dén dét nhudém va ché bién
0 1a nhitng ngudn phat thai tiém tang cic nguyén
t6 nhu: Chi (Pb), asen (As), dong (Cu) va kém
(Zn) vao mdi truong dat xam dic trung cua khu
vue. Nghién ctru cia Tran Van Chinh (2014) [23]
da cung cép dir liéu nén quan trong vé ham lugng
KLN trong d4t xam va dit d6 ving Pong Nam Bo.
Tuy nhién, cic phén tich chuyén siu vé sy phan
héa 6 nhlem gilta cac cum cong nghiép c6 quy mod
san xuit khac nhau, cung nhu moi lién hé gilia cac
anion cong nghiép (SO4 ) Vo1 sy di dong cua
KLN theo chiéu sau van con kha han ché. Vi vay,
nghién ciru dong hoc tich liiy theo chidu siu trong
bi canh KCN da nganh khong chi co ¥ nghia dia
hoa méi truong ma con gop phan cung cdp co s
khoa hoc cho quan 1y va quy hoach bén vimg tai
khu vuc nhiét doi dang phat trién.

2. PHUONG PHAP NGHIEN CUU

Nghién ctru dugc thyc hién tai 6 khu vuc
trong diém Ve cong nghiép thudc thanh pho Dong
Nai, bao gdm: KCN Bién Hoa (30 mdu), Long
Thanh (20 mau), Nhon Trach (30 mau), Trang
Bom (28 mau), Long Khanh (22 mau) va Vinh
Ciru (20 mau). Cac KCN c6 quy mo 16n, 1au nim
va da dang nganh nghé (nhu Bién Hoa, Nhon
Trach, Trang Bom) dugc bé tri sé6 mau nhiéu hon
nhim dam bao tinh dai dién khong gian. Nguogc
lai, cac KCN méi, c¢6 quy md nhd hon (nhu Vinh
Ctru, Long Khanh, Long Thanh) c6 s mau it
hon. Cac loai hinh san xut tai cac KCN nay rét
da dang tir co khi, dién tu dén dét nhudm va ché
bién gd. Tong cong 150 miu dét da duoc thu thap
bang phuong phap lay mau phén tang (stratified
sampling). Tai mdi vi tri quan tric, mau duoc lay
& hai d6 sau: Tang mat (0 - 30 cm) nham danh gia
su tich tu truc tiép tr nguén thai bé mit va bui
lang. Tang sau (30 - 60 cm) nham danh gia kha
ning di chuyén cua cac chit 6 nhiém. Bén KCN
trén nén dat xam bao gdm: Bién Hoa, Trang Bom,
Long Thanh, Nhon Trach; 02 KCN trén nén dat
d6 gdm: Vinh Ciru, Long Khanh. KCN Bién Hoa
(gém Bién Hoa I va II) c6 tong dién tich khoang
1.137 ha; KCN Trang Bom (Bau Xéo va Giang
Dién) khoang 1.092 ha; KCN Long Khanh
khoang 264 ha; KCN Long Thanh khoang 487
ha; KCN Thanh Phu (Vinh Ctu) khoang 177 ha;
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hé théng cac KCN tai Nhon Trach (Nhon Trach I,
I, VI va cac phan khu lién quan) 1.200 ha.
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Hinh 1. Vi tri cic diém lay mau

Bang l.rKé't qua phén tich thanh Ph?ln co gigi
dat cho hai loai dat do va dat xam

Chi tiéu Péitdo | Dit xam
pHkcL 4,52 517
Ham 1110*;16g(13/1~31 co tong 1.43 0,98
(< Z(S%E)tfgssaﬁi)n) % 20,2 61,1
(0,05 -Tgfgf)szﬂl?lm) % 17,6 17,4
(= O%gggcﬁﬁ) % 62,2 21,5

Mau dat sau khi thu thap duoc phoi kho tu
nhién, loai bo 1& ciy va tap chit, sau d6 nghién va
rdy qua rdy 2 mm. Céc chi tiéu dugc phan tich
theo cac tiéu chuan hién hanh. Chi tiéu Iy hoa: pH
dat dugc do bang may do pH trong dich chiét KCl
(ty 1& 1 : 2,5). Dién thé oxy héa khtr (Eh) duoc do
truc tiép tai hién truong. Ham lugng KLN: Cac
mau duoc phd mau bang hdn hop axit manh
(HNOs, HCIl, HCIO4). Ham luong Pb, Cu, Zn,
Cd, As duoc xac dinh bang phuwong phap ICP -
MS. Thay ngin (Hg) dugc phan tich bang
phwong phap héa hoi lanh. Anion SO,* duoc xac
dinh bang phuong phap sic ky ion.

Phan tich thong ké va xir 1y s6 liéu: Toan bo
dir liéu duoc xtr 1y thong ké bang phin mém
Microsoft Excel. Phan tich tuong quan Pearson:

Xac dinh mdi quan hé gitta cac KLN va céc dac
tinh 1y héa dat (pH, Eh, Anion).

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Hién trang 6 nhiém dit tai caic KCN

Dir liéu tir 150 mau dat tai 6 KCN cho thiy
moi truong dat c6 xu huéng bi chua, voi gia tri
pH dao dong tir 3,39 (tAng mat tai Long Thanh)
dén 5,68 (tang mit tai Trang Bom). Khoang gia
tri pH nay phan anh diéu kién dat chua dén chua
manh, dic trung cho nhiéu khu vuc dat cong
nghiép trong diéu kién nhiét d6i 4m (Hinh 9). Gia
tri pH thap co thé anh huong dang ké dén kha
ning trao doi va hap phu cua dét, tir d6 lam gia
tang tinh linh dong ciia mot s6 KLN. Trong moi
truong chua, cac nguyén t6 nhu Cd, Zn cé xu
hudng ton tai & dang d& hoa tan hon, trong khi
kha ning hap phu cta dét 1én cac ion kim loai c6
thé bi suy giam.

Hinh 2 dén 8 cho thay, ham lugng trung binh
cac KLN va cac anion ¢ cac khu KCN tai thanh
phé Pong Nai cho thiy sy phan hoa rd rét theo
dic thu san xudt va loai hinh thd nhudng cta timg
khu vuc. KCN Bién Hoa ghi nhan nong do Pb
trung binh cao nhit & ca hai tng dat (41,7 - 49,0
mg/kg), trong khi KCN Long Khanh trén nén dat
do bazan c6 ham lugng As (5,32 - 5,61 mg/kg) va
Zn (75,4 - 78,9 mg/kg) vuot trdi so voi cac khu
vuc dat xam bac mau. Anion SO,4* ciing tap trung
cao tai cac khu vuc co lich sir hoat dong lau doi
va mat d6 nha may lon nhu Bién Hoa, Long
Thanh va Trang Bom, diéu nay lién quan dén
hoat dong ctia cac nha may dét nhuém va ché tao
linh kién dién tr tai cac khu vyc nay.

Heé s6 tich tu bé mit (R) duoc x4c dinh 1a ty
sO gitta ndng do trung binh cua chit 6 nhiém tai
ting dat mit (Cep, 0 - 30 cm) va tang dat sau
(Csub, 30 - 60 cm), theo cong thic R = Cmp/Csub
Chi sb nay duoc sur dung rong rai dé danh gia sy
khac biét nong do giira cac tang dat va xu hudng
giau hoa bé mit cia cac nguyén to trong moi
truong dat [24]. Gia trj R > 1 cho thdy xu hudng
giau hoa tuong ddi tai ting dat mat, thudng duoc
xem 14 d4u hiéu cta anh huong tir cic ngudn phat
thai bé mit hodc qua trinh tich ty sinh - dia hoa.
Nguoc lai, R ~ 1 phan 4nh sy phan bé twong d6i
ddng déu giira cac tang dat, trong khi R < 1 ¢6 thé
goi v sy tich lily twong d6i ¢ ting sdu hodc anh
huéng cua cac qua trinh van chuyén thing dimg
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[24, 25]. Tuy nhién, can luu ¥ rang, dat 13 mot hé
d@ng, c6 sy trao doi vat chat gifra’ cac tang, do do
hé s0 R chu yéu phan anh xu thé phan bo tuong
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Bang 2. T¥ I¢ giira ham lwong trung binh ciia cac KLN & ting mit/ting sau va h¢ sb tich tu (R)
cua chung theo khu turng KCN

KCN | Chitiéu pH Eh (mV) As Pb Zn Cu Cd Hg 0.7 (g/kg)
Bién |Ctop/Csub| 5,36/5,42 | 85,9/82.8 |5,27/5,88 |49,0/41,7 |43,4/55,8|21,7/17,8 | 1,02/1,14 |0,11/0,09|0,055/0,061
Hoa

(dét R 0,99 1,04 0,90 1,18 0,78 1,22 0,89 1,22 0,90
xam)

Téznmg Ctop/Csub| 5,48/5,51 | 69,9/72,5 |2,33/2,21|11,6/12,2|59,6/56,3 | 41,7/32,5 | 1,15/1,14 |0,07/0,06/0,018/0,016
(dét

xam) R 0,99 0,96 1,05 0,95 1,06 1,28 1,01 1,17 1,12
Vinh |Crop/Csub| 4,74/4,63 |117,5/124,1|2,74/3,47|8,11/5,51 | 11,7/6,7 | 8,4/5,3 |0,65/0,66 |0,03/0,04|0,026/0,025
Curu

(dit do) R 1,02 0,95 0,79 1,47 1,75 1,58 0,98 0,75 1,04
Long |Crop/Csub| 4,20/4,21 [148,8/152,3|5,32/5,61 | 13,5/12,3 | 75,4/78,9 | 39,5/36,9 | 1,24/1,32 |0,16/0,15/0,125/0,108
Khanh

(dt o) R 1,00 0,98 0,95 1,10 0,96 1,07 0,94 1,07 1,16
Long |Ctop/Csub| 5,34/5,53 |108,8/102,5|3,67/2,84 | 11,3/10,3 |41,5/37,1|33,3/21,9 | 0,99/0,93 (0,07/0,08|0,021/0,014
Thanh

(dat R 0,97 1,06 1,29 1,03 1,12 1,52 1,07 0,89 1,50
xam)

Nhon | Crop/Csub| 4,29/4,37 (142,6/137,1(2,16/2,13 | 7,53/8,18 | 12,3/83 | 7,3/4,7 |0,41/0,43 |0,06/0,05/0,024/0,025
Trach

(dat R 0,98 1,04 1,01 0,92 1,47 1,56 0,95 1,20 0,96
xam)

Két qua & bang 2 cho thay, da sb cac chi tiéu
¢6 R > 1 cho thiy xu thé giau héa bé mat twong
d6i. Tuy nhién, can luu y rang, chi s6 R phan 4nh
trang thai phan bd tuong déi tai thoi diém khao
sat va chua du dé khang dinh truc tiép nguon goc
6 nhiém, do con chiu anh huong cua cac yéu t6
nhu d3c tinh thd nhudng va diéu kién moi truong.

Su khéc biét giita hé s6 R va ham lugng trung
binh ctia cac KLN cho thiy muc do tich tu khong
hoan toan phu thude vao néng dd cao hay th:?ip,
ma con phan anh lich st phat thai va kha nang
luwu gitr cua dat. Mic du & KCN Vinh Ciru ¢6 hé
s6 tich tu chi, kém, déng trén tﬁng d4t mat cao
(Rpp = 1,47, Rz, = 1,75, Ry = 1,58) nhung ham
Iwgng trung binh chi khoang 6 - 8 mg/kg, trong
khi KCN Bién Hoa c6 R thap hon (Rp, = 1,18,
Rz, = 0,78, Ry = 1,22) nhung ham lugng trung
binh & ca hai ting dat déu cao gip 5 - 8 1an so voi
KCN Vinh Ctru. Didu ndy phan anh rd nét lich sir
hoat dong: KCN Bién Hoa la KCN lau doi nhét
Viét Nam, dugc thanh 14p tor nam 1963 vai thoi
gian hoat dong trén 60 nim va tap trung nhicu
nganh c6 nguy co phat thai KLN nhu: Hoa chit,
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luyén kim, co khi, xi ma, dién - di€n tr va san
xuit dc quy. Qua trinh phat thai kéo dai qua nhiéu
thap ky da lam ciac KLN thdm sdu va tich liiy
trong ca tang dat dudi, lam ting gia tri Cyyp va
dan dén hé sé R giam; dién hinh 13 diém nong 6
nhiém Pb dat 81,5 mg/kg tai khu vuc nha may san
xuét pin dc quy Dong Nai. Nguoc lai, KCN Vinh
Ctru (KCN Thanh Phu) dwoc hinh thanh tir dau
nhitng nam 2000, c6 quy hoach ha tang va h¢
thong xur 1y nudc thai tap trung dong bd hon,
ddng thoi chu yéu thu hat cac nganh co khi, cong
nghiép hd tro, ché bién gS, nhya va dién - dién tir,
it tap trung cac nganh hoa chét va luyén kim. Do
thoi gian hoat dong ngin hon, KLN, dic biét 1a
Zn va Pb, chu yéu moi tich luy ¢ lop dat mat,
chua kip di chuyen va tich tu dang ké xudng ting
d4t dudi, dan dén hé sb R cao hon nhung ham
luong van thap hon nhiéu so véi KCN Bién Hoa.
Vé thd nhudng, d4t x4m bac mau tai KCN
Bién Hoa, Long Thanh, Trang Bom, Nhon Trach
c6 kha nang dém keém, ngheo keo set (Bang 1)
nén KLN dé dang di dong xudng ting sau hon.
Nguoc lai, dat d6 bazan tai KCN Long Khanh va
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Vinh Ctru v6i dung tich hap phu cao giup ¢b dinh
KLN va Asen (8,22 mg/kg) 6n dinh hon trong
tang mdt, gidm nguy co rua troi. Hé sO tich tu
SO4* cao tai KCN Long Thanh (R=1,50) va su
hién dién cua no6 tai KCN Bién Hoa (0,05 - 0,06
mg/kg) 1a dau 4n cta nudc thai nganh dét nhuom
va hoa chat.

Phuong trinh hdi quy tuyén tinh gita ndng do
tai tang dat mit (Cip) va tang dat sau (Csup) duoc
xdy dung trén co s& cac cdp mau tuong ung theo
tung vi tri ldy mau. Cac phuong trinh hoi quy
tuyen tinh dang Cap = a*Ciopth. Tong hop céc
phuong trinh hoi quy va d¢ tin cdy (r*) cho cac
chi tiéu chinh duoc thé hién ¢ bang 3.

Béang 3. Phuwong trinh twong quan ham luwgng
cac chat giira lop dat mat va dat sau

STT| Chi tiéu Ph“(":f;é?;“g;f‘ qauy C?l;) (“r?)
1| pH | Cuw=1,02%Cp-0,10 | 0,98
2| As | Cu=1,09%C,,-035 | 0,94
3| Pb | Cu0,85%Cy,+0,70 | 0,99
4] cd | Cu=1,02%Chp-0,02 | 0,96
5| Zn | CuslL11%Cy,-6,50 | 095
6| Cu | Cu=0,88%Cyp-4,50 | 0,94
7| Hg | Cu=0,82%C,,+0,005| 0,91
8 | SOZ | Cs=0,86*C,, +0,004 | 0,99
9 |Eh (mV)| Coy=1,02*C,,-1,84 | 0,98

Két qua cho thiy mdi twong quan chit ché
giita hai tang dat ddi voi hau hét cac chi tiéu (12 >
0,91). Tuy nhién, cac hé sb6 hdi quy (a < 1) két
hop v6i hé s6 tu do (b) cho thiy mdi quan hé nay
khong tuyen tinh don gian theo dang ty 1§, ma c6
su chong lan gia tri gitra hai tang dat. Can luu y
rang, hé sb hoi quy phan anh xu thé trung binh
cua toan bd tap dit liéu, khong dai dién cho tat ca
cac truong hop riéng l¢. Thuc té quan tric van ghi
nhan mot sé diém co gia tri Cgyp > Ciop, phdn anh
su khong dong nhat khong gian va anh huéng ciia
cac yeu td dia hoa tai tirng khu vuc. Do do, cac
phuong trinh hdi quy duoc st dung nhim mé ta
xu hudng phan bb theo chiéu sau, thay vi thiét lap
mot moi quan hé xac dinh tuyét dbi giita hai tang
dat. Su ton tai cua cac tru’ong hop Csup > Ciop tai
mot s6 KCN khéng mau thuan véi mo hinh hoi
quy, ma phan anh dac diém bién dong cuc bd cua
moi truong dat.

Két qua & bang 3 cho thiy, h¢ s6 goc a<lo
Pb (0,85), Cu (0,88), Hg (0,82) va SO4 (0,86)
phan anh xu thé tich tu tuong dbi uu thé tai tang
dat mat, co thé lién quan dén ngudn phat thai bé
mat tur hoat dong cong nghiép. Tuy nhién, xu thé
nay khong chi do ycu td phat thai ma con chiu
anh huong dang ké boi kha ning hip phu manh
ciia Pb 1én cac pha oxit Fe-Al va chat hitu co
trong dat.

Dbi v6i cac nguyén td nhu As (1,09), Cd
(1,02) va Zn (1,11), gia tri a X4p xi 1 cho thiy su
phan bd twong dbi dong déu giita tang dat mat va
tang sdu, phan 4nh trang thai can bang dong giita
qué trinh hép phu va giai hap. Tuy nhién, co ché
niy can dugc xem xét trong mdi lién hé véi dic
tinh thd nhudng, dic biét 1a dung tich hap phu,
thanh phan khoang va diéu kién hoa 1y coa dat,
thay vi chi quy vé qua trinh rira tréi don thudn.

Can luu ¥ rang, mé hinh hdi quy tuyén tinh
don chi phan anh mfr)i‘ quan hé thong ké gitta hai
tang dat va chua di dé khiang dinh day da co ché
van chuyén cua cac kim loai trong méi truong
dat. Do d6, cac két qua nay can duoc dién giai két
hop véi cac yéu té dia hda va ngudn phat thai dic
thu cua tirng khu vye nghién ctru.

Két qua phan tich ANOVA cho thay gia tri F
(Fisher’s ratio) cao dbi v6i hau hét cac chi tiéu
KLN khi so sanh gitta 6 KCN, dac biét 1a Pb (F
> Feritical), cho thiy su khac biét c6 y nghia
thong ké vé ham lugng giira cac khu vuc. Mtc ¥
nghia p < 0,05 (thdm chi p < 0,001 dbi voi Pb va
SO42 ) cho phép bac bo gia thuyét vé sy dong
nhét, phéan anh sy tdn tai clia cac vung c6 murc do
6 nhiém khac nhau, trong d6 mét sé khu vuc nhu:
KCN Bién Hoa (Pb,y, = 49,0 mg/kg) hay Long
Khanh (As,yg = 5,32 mg/kg) c6 xu hudng cao hon
so voi cac khu vuc con lai. Tuy nhién, sy khac
biét nay khong chi lién quan dén cuong d6 va dic
thu ngudn phat thai cong nghlep, ma con chiu anh
huong ciia cac yéu td moi trudng va thd nhudng
nhu: pH, Eh, thanh phan khoang vat, kha ning
hap phu cia dat va diéu kién thiiy van tai timg
khu vuc. Trong phan tich twong quan gilta hai
ting dat, gia tri p < 0,01 di kém véi hé s6 xac
dinh cao (R? dat t6i 0,99 trong mot ) truong hop
nhu Pb va SO427) cho thiy ton tai mdi lién hé
chat ché vé mat thong ké giita nong d¢ ting mit
va tAng sau. Tuy nhién, mdi quan hé nay cha yéu
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phan anh xu thé bién thién ddng thoi gitta hai
tang d4t va chua dii dé khing dinh vai tro dy béo
tuyét ddi cua ting mat dbi v6i ting sau, do van
ton tai su bién dong cuc bo.

Viéc két hop phan tich phuong sai (ANOVA)
va cac chi tiéu thong ké lién quan cho thiy su
phan bd chit 6 nhiém trong dat tai thanh phd
Pong Nai c6 tinh khong dong nhit 16 rét, phan
anh su twong tac phirc tap giita ngudn phat thai va
dic tinh moi truong dat, thay vi mot quy luat don
gian hay déng nhat trén toan khu vuc nghién ctru.

3.2. Két qua phan tich chi s tich liy dia
chat (Ieo)

Viéc phan tich chi s6 tich lity dia chat (Ie,)
trong nghién ctru nay dugc thuc hién dya trén gia
tri nén kim loai nang cua khu vyc Dong Nam Bo
theo Tran Vian Chinh (2014) [23], v&i cac gia tri
lan luot 1a Pb = 25 mg/kg, Zn = 65 mg/kg, Cu =
22 mg/kg, Cd = 0,15 mg/kg, As =5 mg/kg va Hg
= 0,05 mg/kg. Iy, duoc xac dinh theo cong thirc:

Crn

1.5*Bn

ITgeo=Log2( )

Trong dg’): Cn la néng d0 kim loai do duoc
trong mau dat (mg/kg); Bn 1a gia tri nén cua kim
loai d6 (mg/kg); 1,5 1a h¢ s6 hi¢u chinh.

Két qua cho thay, cadimi (Cd) 1a nguyén t6
c6 muc do 6 nhidm nodi bat nhat tai khu vuc
nghién ctru, véi gia tri I, dao dong tir khoang
1,12 - 2,96, twong tmg muc 6 nhiém tlr trung binh
dén nang trén ca hai nhom dit xam va dat do.
Trong khi do6, cac kim loai khac nhin chung c6
gid tri Igeo thip hon, tuy nhién van ghi nhan hién
tugng giau hoa cuc bo tai mot s6 KCN co thoi
gian hoat dong lau dai. Cu thé, chi (Pb) tai KCN
Bién Hoa dat I, = 1,95; dong (Cu) tai Long
Thanh dat I, = 1,88; va asen (As) tai Long
Khanh dat Lye, = 1,15. Nhitng gia tri nay cho thiy
su gia tang cuc bd so voi nén dia hoa tu nhién va
goi vy anh huong cua cac nguon phat thai nhan
sinh két hop véi diéu kién moi truong dat tai timg
khu vuc.

3.3. Théo luén

Két qua nghién ciru 9ho‘thay, moi trudng dit
tai cac KCN & thanh pho Pong Nai ¢6 xu hudng
chua, v6i pHkcl dao dong trong khoang 4,21 -
5,48. biéu kién nay c6 thé anh huong dang ké

dén kha nang hip phu va trao doi ion trong dat, tir
d6 1am gia tang tinh linh dong ciia mot s KLN.
Trong dat nhiét déi, dac biét 1a dat xam nghéo
keo sét, pH thap két hop voi lwong mua 16n theo
mua (2.000 - 2.500 mm/nam) c6 thé thiic day cac
qué trinh rira tréi va van chuyén thing ding cua
KLN. Theo Alloway (2012) [1] va Kabata-
Pendias va cs (2011) [2], trong diéu kién pH <
5,5, kha nang hap phu cta dat dbi véi cac kim
loai nhu Cd, Zn ¢6 xu hudng giam, lam ting phan
ton tai & dang linh dong. Tuy nhién, mic do anh
huéng con phu thude vao thanh phan khoang vat,
ham luong chét hitu co va diéu kién oxy hoa — khir
cta timg khu vuc. Xu thé nay phu hop véi cac
nghién ctru dugc thyuc hién tai Thanh phd HO6 Chi
Minh va tinh Bic Ninh, noi dat cong nghiép co6 pH
thép ghi nhan hé s tich liy sinh hoc va nguy co
rira troi KLN cao hon dang ké so v6i nén ty nhién
[18, 19]. Mot s cac nghién ctru tai Trung Qudc va
An D6 ciing cho thdy mbi quan hé nghich gitra pH
va tinh linh dong cta Cd, Zn trong dat cong nghiép
nhiét ddi - can nhiét ddi [4, 11].

Su khac biét gita ham lugng trung binh
(Cavg) va hé sd tich tu bé mat (R) cung cap thong
tin vé dic diém phan bd theo chiu sdu cua cac
chit 6 nhidm. Tai KCN Bién Hoa, mic du ndng
d6 Pb tuong dbi cao, hé s6 R & mirc trung binh (=
1,18) cho thiy su chénh léch giira ting mat va
tang siu khong 16n, phan anh xu huéng phén bd
twrong d6i déng déu theo chiéu sau. Didu nay co
thé lién quan dén qua trinh van chuyén thang
dung dién ra trong thoi gian dai. Tuong tu cac
nghién ctru tai Han Quéc va Ba Lan, noi cac
KCN lau nim ghi nhan sy phin b6 KLN tuong
d6i dong déu theo chiéu sau do tich liiy nhiéu
thap ky [10, 26]. Nguoc lai, tai cac KCN méi nhu
Vinh Ctu, gid tri R cao (Rz, = 1,75; Rpp = 1,47)
trong khi ham luwong trung binh con thap, cho
thdy xu huéng giau hoa twong dbi & tang mat. Xu
thé teong ty dugc ghi nhan tai cac KCN méi ¢
Thai Lan [7]. Tuy nhién, can luu y rang hé sé R
chi phan anh sy khac biét tuong dbi gilta cac tang
dat va c6 thé chiu anh huong cua nhiéu yéu to
nhu diéu kién moi trudng, cau trac dét va lich st
str dung dat.

Cac phuong trinh hoi quy tuyén tinh gitra
nong do tang mit (Cp) va tang sau (Cgp) cho
thdy moi tuong quan chat ché (R* > 0,91), phan
anh xu thé bién thién dong thoi giira hai ting dat.
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Tuy nhién, hé s6 hoi quy cho thdy mdi quan hé
nay khong hoan toan tuyen tinh don gian. Cu thé,
cac truong hop c6 hé sé goc gan 1 (nhu As, Cd va
Zn) c6 thé goi ¥ trang thai cin bang twong d6i
giita qua trinh hap phu va giai hip trong diéu kién
moi truong hién tai. Theo Sparks va cs (2022),
trong diéu kién dat chua voi dung tich hap phu
thap, kim loai c6 thé di chuyen xuong tang sau
theo co ché ddi luu - khuéch tan két hop [17].
Trong khi d6, hé sb géc nhé hon 1 dbi voi Pb
phan 4nh xu huéng tich tu twong ddi & ting mat
do 4i lyc manh véi cac pha hip phu nhu oxit Fe-
Al va chét hiru co, phu hop véi cac nghién ctru
trén dat feralit & Brazil [27]. Ngoai ra, su ton tai
cac truong hop Cup > Ciop trong dir liéu thyc té
cho thiy su khong dong nhat khong gian va anh
hudng ctia cac qua trinh dia hoa cuc bg.

Két qua phan tich phuong sai (ANOVA) cho
thiy su khac biét co ¥ nghia théng ké vé ham
lugng cac chit gitta cac KCN (p < 0,05; mot sd
chi tiéu dat p < 0,001), phan anh tinh khong dong
nhit khong gian ctia moi truong dat trong khu
vuc nghlen ctu. Gia tri F cao dbi voi mot sd
nguyén t& nhu Pb va SO42~ cho thiy mirc d6 bién
dong gitta cac khu vuc 16n hon dang ké so voi
bién dong ndi tai trong tung khu. Tuy nhién, su
khac biét nay khong chi phan anh anh huong cua
ngudn phat thai cong nghiép ma con co thé lién
quan dén cac yéu t6 moi truong va thd nhudng
nhu pH, diéu kién oxy hoa - khu, thanh phan
khoang vét va dac diém thuy véan. Do do, két qua
ANOVA chu yéu cung cap bang chimg vé su
khac biét c6 ¥ nghia thong ké giira cac khu vuc,
trong khi viéc xac dinh nguyén nhéan can duoc
xem x¢&t trong béi canh tong hop clia cac qua trinh
dia hoa va diéu kién mai truong cu thé.

Téng hop céc bang ching dia hoa va thong
ké cho thiy dit cong nghiép tai thanh phé Pong
Nai dang chuyen tur giai doan tich tu be mat sang
giai doan thdm thu sau dbi v6i mot sb nguyén t6
nhu As, Cd va Zn. Trong bdi canh bién d6i khi
hau lam gia tang cuong d6 mua cuc doan 6 Pong
Nam B9, nguy co van chuyén KLN xudng ting
chtra nuéc s& gia ting néu khong kiém soat phat
thai va cai thién kha ning dém cua dat. Nhimng
phat hién nay dong gop co s¢ khoa hoc cho chién
luge quan trac da ting va quan 1y rii ro moi
truong dat tai cac ving cong nghiép hoa nhanh &
céc qubc gia dang phat trién.

4. KET LUAN

Két qua cho thay, d:?itv c6 xu hudng chua
(pHkcr = 4,21 - 5,48), c¢6 thé anh huong dén kha
nang hap phu va 1am gia ting tinh linh dong cua
mot s6 KLN. Su phén bd theo chiéu sau cua
chiing thé hién tinh khong ddng nhét, dugc phan
anh qua hé sb tich tu bé mit (R) va mdi tuong
quan chit ché gitra tAng dat mit va ting sau (R*>
0,90). Phan tich ANOVA (p < 0,05) cho thay su
khac biét co ¥ nghia thong ké gitta cac KCN, cho
thiy mirc d6 6 nhiém khéng dong déu trong
khong gian. Két qua phén tich theo chi s6 Igeo
cho thay, Cd 1a nguyén té co muc do tich tu dang
cha ¥ nhét, trong khi cac nguyén t6 khac chu yéu
thé hién xu hudéng giau hoa cuc bo.

Hién tai nghién ctu chu yéu dua trén phan
tich tong ham lugng va cac phuong phap théng
ké, do d6 chua phan anh day du dang ton tai va
tinh kha dung sinh hoc cua cac chét trong dat.
Trong cac nghién ciru tiép theo, can bd sung cac
phuong phap phan tich phan doan, danh gia kha
nang di dong va tich Iy sinh hoc, dong thoi xem
xét chi tiét hon vai tro ciia cac yeu t6 moi tru’o*ng
nham 1am rd co ché phan bd va van chuyén cac
chat 6 nhiém trong dat.
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ASSESSMENT OF SELECTED HEAVY METAL CONCENTRATIONS IN SOILS OF
MAJOR INDUSTRIAL PARKS IN DONG NAI CITY

Nguyen Thanh Hung', Truong Cong Phu', Le Minh Chien',
Hoang Thi Thu Hoai', Pham Thi Nguyen', Bui Thi Thu Ha', Ngo Thi Hiep'
! Faculty of Land Management, Ho Chi Minh City University
of Natural Resources and Environment
Abstract

This study aims to assess the degree of soil contamination and characterize the vertical distribution
of pollutants in soils across key industrial parks in Dong Nai city, Vietnam. A total of 150 soil
samples were collected from six industrial parks and analyzed for pH and concentrations of heavy
metals, including Pb, Zn, Cu, Cd, Hg, and As, as well as sulfate (SO427). The study employed the
surface accumulation ratio (R), linear regression analysis to examine relationships between the
surface soil layer (0-30 cm) and the deeper soil layer (30-60 cm), analysis of variance (ANOVA),
and the geoaccumulation index (Igeo). The results showed that the soils were generally acidic
(pH_KCI = 4.21-5.48), which may increase the mobility of certain heavy metals. Strong correlations
between metal concentrations in the two soil layers (R? > 0.90) indicated similar patterns of variation
with depth, although localized spatial differences were also observed. The ANOVA results (p <
0.05) revealed statistically significant differences among the industrial parks. Based on the Igeo
values, Cd exhibited the most notable degree of accumulation, whereas the other metals mainly
showed localized enrichment in specific areas. Overall, the distribution of heavy metals in soils
within the industrial parks of Dong Nai city appears to be controlled by the combined effects of
emission sources and soil-related factors. These findings provide a scientific basis for depth-specific
soil monitoring and environmental risk management under conditions of ongoing industrialization.

Keywords: Heavy metal pollution, soil pollution in industrial zones, acrisol soil pollution, ferralsols
soil pollution, depth distribution.
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