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Rumg ngap min (RNM) co vai trd quan trong trong cai thién moi trudng ven bién, luu giir carbon va
giam thiéu bién d6i khi hau. Nghién ctru dénh gia sinh khéi trén mat dat (AGB) va mirc d6 tich lily cua
8 kim loai (KL): Cu, Pb, Zn, Mn, Cr, As, Ni va Fe trong dat ting mat (0-50 cm) ctia 3 don loai va to
hop loai RNM chu dao tai Vuon Québc gia (VQG) Xuan Thay, tinh Ninh Binh: Trang (Kandelia
obovata), Trang - Su (K. obovata - Aegiceras corniculatum) va Trang - Pudc voi (K. obovata -
Rhizophora stylosa), tir 25 diém khao sat. AGB cao nht tai Trang - Su, tiép theo 1a Trang va thap nhét
tai Trang - Pudc voi (twong tng 50,1; 43,2 va 38,5 tan/ha), phan anh khac biét vé mat do va céu trac
quan thé giira cic nhom loai. Ngoai trir Mn chura c6 ngudng gi6i han quy dinh, ham luong cac KL con
lai nhin chung thdp hon gi6i han tham chiéu theo QCVN 43:2025/BNNMT va QCVN
03:2023/BTNMT. Tuy nhién, Fe vugt gidi han theo QCVN 43:2025/BNNMT; déng thoi, gia tri 16n
nhit ctia Pb va Cu tai cac 6 tiéu chuén vuot nhe gidi han tuong tng. Chi sé CF va Igeo cho thiy Pb 6
nhidm & mirc trung binh dén cao, As va Cu & muc trung binh, trong khi Zn, Mn, Cr va Ni chi yéu &
mirc nén - phan anh ngudn gbc dia hoa tuy nhién chi phdi phan 16n qua trinh tich liy KL, co thé co
thém dong gop nhén sinh cuc bd ddi véi Pb, As va Cu. Mi lién hé giira AGB va ham lugng KL khac
nhau gilta cac nhom loai: Pb twong quan manh véi AGB tai Trang - Pudc voi (r = 0,83; p = 0,02),
trong khi Cu, Mn, As va Ni twong quan véi AGB tai Trang - St (r = 0,60-0,66; p < 0,05), cho thiy vai
tro bo sung ctia co ché sinh dia héa bén canh co che ling dong tram tich min ty nhién. Pb, As, Cu va

Fe can dugc uu tién trong cac chuong trinh quan tric méi trudng dat RNM tai khu vuc nay.

Tw khoa: Ham lwvong kim loai, loai cdy ngdp man, sinh khéi trén mat dat, Vuon Quéc gia Xudn Thiy.

1. DAT VAN BE

Rumng ngdp man (RNM) 1a hé sinh thai (HST)
¢6 nang sut sinh hoc cao, dong vai trd quan trong
trong ing pho véi bién do6i khi hau, 1a bé loc tu
nhién cua ving cira song - ven bién nho kha ning
giit lai va tich lily kim loai (KL) thong qua hé ré
day dac va cac qua trinh hoa sinh ddc trung cua
moi trudng dit ngdp nude [1]. Tuy nhién, sy tich
tu KL qua mutc co thé anh hudng tiéu cuc dén
HST, tich lity trong sinh vat va anh huéng dén sic
khoe con ngudi qua chudi thire an [2].

Trén thé gi6i, nhidu nghién ctru tai cac khu
vuc RNM chiu tac dong ctia qua trinh do thi hoa

va cong nghi¢p hoéa da ghi nhan sy hién dién cua
KL trong trAm tich, phan anh déng gop cua ca
ngudn phét thai ty nhién va nhan sinh [3], dong
thoi cho thiy su khac biét vé ham lugng KL giira
cac quan xi cay ngap man (CNM) [1].

Tai Viét Nam, mot s nghién ciru da danh gia
hién trang, mirc d9 tich Iy dia héa va ridi ro sinh
thai ciia KL tai cac khu vuc trong diém: RNM
Can Gio [4], vung ctra song ven bién tinh Thai
Binh cii [5], cira song va bén trong hé thong song
Hong [6]. O quy mo toan bd RNM ving Pong
bang song Hong (DBSH), nghién ctru cua Le va
cs (2026) [7] cho thidy, RNM dong vai tro tich liy
KL quan trong va c6 su khac biét gitta don loai
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va t6 hop da loai, trong khi Roberts va cs (2022)
[6] cung cép thém bang chig vé ngudn gbc va
co ché van chuyén KL vao khu vuc. Cac nghién
cuu tai Cin Gio cling ghi nhan twong quan duong
gitra cac KL véi nhau va gitra mot s6 KL voi OC,
goi y ngudn gdc va co ché tich lity chung [8].

Tuy nhién, cac nghién ctru Vé KL trong dat
RNM va tram tich tai Viét Nam van con khoang
trong Phan 16n tap trung lam rd hién trang, ngudn
goc va vai tro tich ity KL cia HST RNM & quy
mo mdt khu vuc cu thé, hoac mbi lién hé gitta KL
véi OC, trong khi mdi quan hé giita cac KL véi
sinh khéi trén mat dat (Above-Ground Biomass,
AGB) hau nhu chua dugc xem xét dong thoi voi
thanh phan loai, dic biét tai VQG Xuan Thity. Bén
canh do, cac nghién cuu [5, 7] méi chi dung
QCVN 03:2023/BTNMT véi dat rimg [9] hodc
QCVN 43:2017/BTNMT dbi véi trAm tich [10],
chua cép nhat QCVN 43:2025/BNNMT [11].

Xuét phat tir nhitng khoang tréng trén, nghién
cuu nay dugc thyc hién tai VQG Xuén Thuy, tinh
Ninh Binh nham: (i) danh gia mic do tich lity cia
8 KL (Cu, Pb, Zn, Mn, Cr, As, Ni va Fe) trong
dit ting mat  (0-50 cm) theo QCVN
03:2023/BTNMT [9] d6i vé6i dat rimg va QCVN
43:2025/BNNMT [11] d6i v6i tram tich, két hop
céc chi s6 6 nhidm va tich lily dia hoa; (ii) phan
tich méi tuwong quan gitta ham luong cac KL voi
AGB theo thanh phan loai.

Trong 8 KL néu trén, 6 nguyén t6 Cu, Pb, Zn,
Cr, As va Ni dugc QCVN 03:2023/BTNMT [9]
xép vao nhom KL ning; Fe ciing dugc quy dinh
cung nhom nay trong QCVN 43:2025/BNNMT
[11]. Riéng Mn tuy khong thudc danh myc cia ca
hai quy chuan trén, nhung dugc nhiéu nghién clru
dua vao danh gia chat luong moi truong dat va
rui ro sinh thai tai caic HST RNM.

Két qua nghién ciru ky vong cung cdp co sd
khoa hoc phuc vu cong tac giam sat, kiém soat 6
nhiém KL va bao ton HST RNM tai VQG Xuén

Thuy, trén co s6 xem xét sy khac biét vé dac
trung quan xa thyc vat ngép mén thong qua thanh
phan loai va cau triic quan xa.

2. DU LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vung nghién ciru

VQG Xuan Thiy nim & phia Nam ctra Ba
Lat cua song Hong, c6 tong dién tich khoang
15.000 ha, duoc cong nhan la khu Ramsar dau
tién ciia Pong Nam A vao nim 1988 va la ving
16i ctia Khu Dy trir Sinh quyén chau thd song
Hong tir nam 2004 [12]. Pay la ving dat ngip
nuée cira song dién hinh, trdm tich dugc hinh
thanh va phat trién lién tuc nhd qua trinh bdi tu
phu sa tir song Héng, dia hinh duoc kién tao theo
quy luat bdi tu - x6i 1& dic thi, tao nén hé théng
béi bdi, con cat xen k& RNM va cac lach triéu.
Theo cac mau thu thap ctia nghién ciru vao thang
11 nam 2023, thanh phan chinh cia tram tich 1a
sét, cat min, mun 14 va ré cay. Ty 1é cat ting theo
d6 sau. Ngugc lai, ty 1€ sét, ré va mun la cay giam
dan theo d6 sau. O d6 sau 80-100 cm va cac tang
sau hon, cat min chiém wu thé.

Vung nghién ctru (VNC) 1a khu vuc ¢c6 RNM,
c6 dién tich khoang 3.100 ha. Ba don loai va to
hop loai CNM chiém wu thé, khoang 83% dién
tich rimg, gom: Trang (Kandelia obovata - KO,
35,4%), Trang-Su (KO - Aegiceras corniculatum,
29,3%) va Trang - Budce voi (KO - Rhizophora
stylosa 18,3%) [12]. RNM tai day chu yeu la
rimg trong, bat dau tir nam 1994, c¢6 sinh khéi va
trir lugng céc-bon déng ké. Theo Ha Thi Hién va
cs (2018) [13], AGB cua rimg Trang 18-20 tudi
dao dong tir 79,95 - 87,66 tin/ha; trong khi
Nguyen Hai Hoa va cs (2017) [14] uéc tinh tong
AGB dat khoang 62.693 tan, twong g trit lugng
cac-bon khoang 29.466 tan.

2.2. Diéu tra thye dia va iy miu

2.2.1. Piéu tra thanh phdn lodi, cdu triic va
sinh khoi RNM

Hinh 1 Cac loai CNM du’o’c nghién ciru:
(a) Trang, (b) Trang - Su va (¢) Trang - Puéc voi
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Diéu tra thanh phan loai va ciu trac quan thé
RNM duogc thyc hién vao thang 11 nam 2023 tai
25 6 tiéu chuan (OTC), dai dién cho cac don loai
va to hop loai CNM phd bién trong VNC, gom:
Trang (13 OTC), Trang - Su (7 OTC) va Trang -
Pudc voi (5 OTC). Tai mdi OTC, kich thudc 10
x 10 m, toan bd ca thé CNM duge nhan dang dén
loai, dém s6 lwong va do cac chi tiéu sinh truong:
Puong kinh than cdy ¢ do cao ngang nguc, chidu
cao cdy va duong kinh tan 14 bang cac thudc chuyén
dung, 1am co sé tinh toan AGB. Pay la phuong

2.2.2. Ldy mdu dat

Mau dat duoc 1dy dong thoi voi diéu tra thuc
vat, tai dang vi tri 25 OTC néu trén, bang thiét bi
ldy madu HUNIWILDE (Hoa Ky) dén d6 sau 50
cm theo TCVN 7538-4:2007 [16]. Mbi 16i mau
duoc chia thanh 3 tﬁng theo d6 sau: 0-15 cm, 15-
30 cm va 30-50 cm (Hinh 2), nham phan anh dic
diém phan bd KL theo chiéu sau phiu dién dat.
Mau dit sau khi thu dugc dung trong tai zip, dan
nhan, bao quan & nhiét 4§ 4°C trong qua trinh van
chuyén vé phong thi nghiém.

phap da duoc ap dung & khu vec DPBSH [15].

Hinh 2. Thu thip miu dat bang thiét bi lay mau tai thue dia

2.3. Phan tich KL

Miu dit duoc xr 1y so bd theo TCVN
6647:2007 [17] va phan hiy bang phuong phap
vd co hoa udt trong hé kin st dung 16 vi song.
Ham Iugng cac KL (Cu, Pb, Zn, As, Mn, Cr, Ni
va Fe) trong mau dit dugc xac dinh bang phuong
phip khdi phd plasma cam ung (Inductively
Coupled Plasma-Mass Spectrometry, [ICP-MS)
theo US EPA Method 6020B [18].

+ Xir Iy mdu so bg: Ngay khi dua vé phong
thi nghiém, mau dat duoc say trong ti sdy & 40°C
trong 72 gid, nghién dong nhat bang c¢i ma nio
va sang qua ray 0,1 mm.

+ Xur 1y mdu dat bang phwong phap vo co
hoa w6t trong hé kin: Mdi mau (0,5000 g dat kho)
duoc phan hay bang hdn hop 3 mL HNOs, 1 mL
HF va 1| mL H:0: trong hé thong phan huy vi
song trong 30 phat. Dung dich sau phan hiy dugc
loc qua mang loc 0,45 pm, dinh mtrc dén 100 mL.

+ Phan tich KL bang ICP-MS: Dung dich mau
sau khi xtr Iy duoc phan tich dinh luong bang thiét
bi ICP-MS Elan 9000 (PerkinElmer, Hoa Ky).

Thong s6 van hanh cia thiét bi ICP-MS:
Cong sudt RF 1250 W; khi plasma 16 L min™;
khi phu trg 1,25 L min-1; khi tao swong 0,9 L
min-1; bd phun suong truc ngang (cross-flow);
buong phun suong duong doi (PFA double pass).
Céac dong vi dugc theo ddi, gdbm: Cu (63), Pb
(208), Zn (65), Mn (55), Cr (53), As (75), Ni (60)
va Fe (57); do & ché do peak hopping, thoi gian
luu tin hi¢u 100 ms, lap lai 3 lan/mau.

+ Pdam bdo chat lwong va kiém sodt chat
lwong (0A4/0C): Dg chinh xdc cua phén tich dugc
kiém soat thong qua mau chuan chimg nhan
MESS-3. Sai 1&ch giita gia tri do duoc va gia tri
chting nhan cua cac nguyén té phan tich déu nho
hon 15%, cho thay d¢ chinh x4c ctia phuong phap
dap g yéu cau phan tich moi truong.

Ham luong KL dai dién cho tang dit 0-50 cm
tai mdi OTC duoc tinh bang gia tri trung binh cua
3 mau dét thu tai cac do sau 0-15 cm, 15-30 cm
va 30-50 cm.

2.4. Tinh toan sinh khéi trén mit dat

Bang 1. Cac phwong trinh tinh sinh khdi trén mit dit ap dung cho cac loai CNM tai VNC

. Cong thirc tinh AGB £ Do chinh
STT Loai g (kg/cay) Tham so Xhc (R?)
1 Trang 0,251 x px D1 3** D, 3 - duong kinh than cay ¢ do cao 0,96
Su 3,1253 x CD°x H ngang nguc, 130 cm phia trén mat dat 0,99
0.168 x Dy 22+ (cm); H - chleu cao cdy (m); CD - du:0‘ng
3 Pudce voi O 0209 x D1 32 55 kinh tan 14; p - khdi luong riéng go (tan 0,99
khéi lu(mg kho/m? thé tich tuoi)
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AGB ciia timg loai CNM duoc ude tinh bang
cac phuong trinh thuc nghiém (allometric
equations) dd duoc cong bd cho cac loai CNM
khu vuc DBSH [15] (Bang 1). AGB ciia mdi
OTC duogc xac dinh bang tong sinh khoi cia tat
ca cac ca thé cay trong 0. Gia tri nay sau do dugc
quy ddi theo don vi dién tich dé tinh AGB trén
mot hecta (tin/ha).

2.5. Panh gia mirc d9 tich liily KL trong dat

Nghién ctru sir dung ngudng quy dinh di véi
dat rimg theo QCVN 03:2023/BTNMT [9] cho
muc dich quan 1y sir dung dat rimg va tram tich
bién theo QCVN 43:2025/BNNMT [11] cho muc
dich danh gia, kiém soat chat luong tram tich cho
muc dich bao vé doi séng thiy sinh; két hop hé
s6 6 nhiém (Contamination Factor, CF) va chi s6
tich liiy dia hoa (Geo-accumulation Index, Igeo)
dé danh gia mirc tich lily KL trong dit cua cac
don loai va to hop loai nghién ciru.

Chi s6 CF va Igeo duoc tinh theo cong thirc
(1) [19] va (2) [20]. Do chua c6 dit liéu nén dia
phuong, gia tri nén cia KL duoc st dung theo
Turekian va Wedepohl (1961) [21], twong ung
véi gia tri nén trung binh cua da phién sét (shale
values) d6i v6i da tram tich (Cu = 45, Pb = 20, Zn
=95, Mn = 850, Cr =90, As = 13, Ni = 68 va Fe
= 47.200). Cach tiép can nay ciing da duoc ap
dung trong cac nghién ctu tai bai tridu va RNM
vung DBSH [5].

CF, =2 (1)

Com
=loo:(55) @

Trong d6: CF, 13 hé s6 6 nhiém cua KL n;
Igeo, 1a chi s tich lily dia hoa ciia KL n; C, 1a
ham lugng KL » dugc xac dinh trong mau nghién
cuu; Cp, la gid tri ham luong nén cua KL n
(mg/kg). )

Theo Hakanson (1980) [19], chi s6 CF dugc
phan thanh 4 muac: O nhiém nhe (CF < 1), 6
nhiém trung binh (1 < CF < 3), 6 nhiém ning (3 <
CF < 6) va 6 nhiém rit nang (CF > 6). Trong khi
d6, chi s6 Igeo dugc phan thanh 7 murc: Khong 6
nhiém (Igeo < 0), tir khéng 6 nhiém dén 6 nhiém
trung binh (0 < Igeo < 1), 6 nhiém trung binh (1 <
Igeo < 2), tir 6 nhiém trung binh dén 6 nhidm
ndng (2 <Igeo <3),6 nhiém nang (3 <Igeo <4),
tr 6 nhiém nang dén 6 nhiém rit nang (4 < Igeo <
5) va 6 nhiém cuc ky nghiém trong (Igeo > 5).

Igeao,

2.6. Xir Iy thong ké

Xt 1y théng ké bao gébm phan tich twong
quan giita ham lwong KL va AGB bang phuorng
phép tuwong quan Pearson (r), véi mic y nghla
thong ké p-value (p) < 0,05, sit dung phan mém
Jamovi 2.7. Phuong phap nay da duoc st dung
trong cac nghién ciru vé KL trong dat RNM [1].

3. KET QUA VA THAO LUAN

3.1. Tich liy KL trong dit VNC

Két qua ¢ bang 2 cho thdy, theo QCVN
03:2023/BTNMT [9] dbi v6i muc dich st dung
dat rimg, ham luong cia 6 KL (Cu, Pb, Zn, Cr,
As va Ni) trong dit cta cac don loai va td hop
loai RNM tai VNC déu thdp hon giéi han quy
dinh (Mn va Fe chua c6 ngudng quy dinh). Tuy
nhién, khi d6i chiéu véi QCVN 43:2025/BNNMT
[11] 4p dung cho trim tich bién nhim bao vé doi
song thily sinh, ham luong Fe trung binh (36.755
mg/kg) vuot gia tri gidi han tham chiéu (20.000
mg/kg), trong khi gia tri 16n nhat cta Pb tai Trang
va Trang - Su, va cia Cu tai Trang - S, lan luot
vuot nhe ngudng cho phép. Su khac biét két qua
gitta hai quy chudn cho thay, mic d6 vuot
ngudng phu thuéc nhidu vao gia tri tham chiéu
duoc lya chon va muc dich ap dung, do do can
than trong khi dién giai mirc d¢ tich liiy chi dwa
trén mot quy chudn duy nhat. Tuy ham luong Fe
vuot xa gia tri gidi han tham chiéu nhung van
thip hon gia tri nén dia hoa tham chiéu (47.200
mg/kg) [21], phan anh nguon gbc ty nhién 1a chu
yéu, lién quan dén thanh phan khoang vat chura
Fe pho bién trong tram tich chau tho song Hong.

Céc chi s6 CF va Igeo cho thay birc tranh 1o
hon Vé mure do lam giau nhén sinh so v6i so sanh
tryc tiép v6i quy chuan [4]. Theo dé, CF, Pb &
mirc 6 nhiém ning, As va Cu & muc 6 nhlem
trung binh, trong khi Zn, Mn, Cr, Ni va Fe chu
yeu ¢ mirc nén den 0 nhlem nhe Su phan héa nay
goi ¥ ngudn gdc khac nhau giita cac nhom KL:
Zn, Mn, Cr, Ni va Fe ¢4 xu hudng gan voi vat
liéu trim tich tw nhién do song Hong van chuyén
va bdi lang tai cira Ba Lat, trong khi muc lam
gidu rd rét caa Pb (va & muc do thap hon 1a As,
Cu) cho thay kha nang c6 dong gop tir ngudn phz’lt
thai nhén sinh bén canh nguf)n ty nhién. Can luu
y rang, danh gia lam giau néu trén dya trén nén
da phién sét toan cau [21]; do dic diém dia cht,
dia hoa ciia mdi khu vue khac nhau, viéc thiéu gia
tri nén dia phuong (cia VNC hodc khu vuc lan
can) co thé khién muac d6 1am giau bi udc lugng
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chua chinh xac, va ddy ciing 13 mot han ché can
dugc khac phuc trong cac nghién ciru tiép theo
V& ngudn gdc co thé cua Pb, nghién ciru tai
vinh Con Lu (phia Nam VNC) va tai ctra séng
Diém Ho (phia Bic VNC) [5], vdn ciing ghi nhan
Pb tich Iily va lam giau cao va dugc cho la lién
quan dén hoat dong tau thuyén tai cac cang cé lan
can. Bén canh do, phan tich déng vi Pb cua
Zhenghua Tao va cs (2023) [3] tai Hai Nam
(Trung Quéc) cho thdy, cac ngudn nhan sinh nhu
d6t than, hoat dong nong nghiép va giao thong

dong gop khoang 38,6% luong Pb tich liy trong
trém tich RNM. Cac két qua tham khio goi mo
rang, Pb tai VNC c6 thé nhan thém dong gop tur cac
ngudn nhén sinh twong tu trong dat lién va dugce
van chuyén theo hé thong séng Hong va cung cp
qua cira Ba Lat. Tuy nhién, day mdi chi la suy ludn
dua trén cac nghién ctru tham khao; nguon gdc tich
liy KL tai VNC can duoc xac nhan b::ing cac
phuong phap truy xuat ngudn phét thai nhu phan
tich thanh phan chinh (Principal Component
Analysis - PCA) hoic phén tich dong vi.

Bang 2. Ham lwong KL va danh gia 6 nhiém
Loai Tham so Cu Pb Zn Mn Cr As Ni Fe
Ham Nhonhdt | 11,8 | 412 | 142 | 137,7 | 195 | 86 | 132 | 9.792
Trang | lugng | Lénnhdt | 1042 | 1183 | 199,7 [ 1.0102 ] 1033 | 31,2 | 60,1 | 52.065
(mg/kg) | Trungbinh | 532 | 73,9 | 884 | 5187 | 64,6 | 188 | 37,1 | 33351
CF 1,2 37 0,9 0,6 0,7 14 [ 05 0,7
ONTB | ONNg | ONN | ONN | ONN |ONTB [ONN | ONN
leeo 0,3 1,3 -0,7 -1.3 10 [ <001 [ -15 1.1
KON |ONTB | KON | KON | KON | KON |[KON| KON
Ham Nhonhdt | 21,0 | 37,1 | 49,6 | 1378 | 200 | 40 | 158 | 11.850
Trg“g lugng | Lénnhat | 116,0 | 119,8 | 1862 | 892,7 | 1122 | 39,7 | 69,0 | 65.922
"% | (mg/kg) [ Trung binh | 64,7 | 859 | 1185 | 5376 | 76, | 26, | 448 | 42.188
CF 1.4 43 1,2 0,6 0,9 2,1 0,7 0,9
ONTB | ONNg | ONTB | ONN | ONN | ONTB |ONN| ONN
lgeo -0,1 1,5 0.3 -12 0.8 05 | -12 0,7
KON | ONTB | KON | KON | KON | ONTB [ KON | KON
Trang | Ham | Nho nhdt | 250 | 332 | 350 | 2355 | 482 | 10,7 | 24,7 | 21.180
- lugng | Lénnhdt | 96,9 | 859 | 1533 | 7642 | 1104 | 29,5 | 61,6 | 53.427
Pudc | (mg/Ke) | Trungbinh | 53,3 | 66,8 | 93,9 | 4802 | 69,1 | 19,5 | 41,0 | 34.723
voi CF 1.2 33 1,0 0,6 0,8 1,5 0,6 0,7
ONTB | ONNg | ONN | ONN | ONN [ONTB [ONN | ONN
leeo 0,3 1,2 -0,6 -1,4 21,0 |00 | -1,3 -1,0
KON |ONTB | KON | KON | KON | KON |[KON| KON
Trung binh ba loai 571 | 75,5 | 1003 | 5122 | 702 | 21,7 | 41,0 | 36.755
QCVN 03:2023/BTNMT 500 400 600 - 200 50 | 200 -
(dat rimg) [9] Pat Dat Pat - Pat Dat Pat -
QCVN 43:2025/BNNMT 108 112 271 - 160 | 41,6 - 20.000
(tram tich bién) [11] Pat Pat Pat - Pat Dat - Vuot QC
Dat RNM BBSH [7] * 535 | 753 | 1039 | 6614 | 768 | 252 | 389 | 36.827
bat RNM Can Gi¢ (0-100 cm),
Thanh Phd H Chi Minh [8] | 20 | 26:6 | 10721 - | 10241 - 50,9 -
Dat RNM (0-20 cm) vinh Tham
Quyen (Trung Qudc), phia Bic | 79,7 - - - 75,7 76,6 | 40,4 -
Bi¢n Pong [1]

Ghi chii: KON - khéng 6 nhiém, ONN - -0 nhiém nhe, ONTB - 6 nhiém trung binh, ONNg - é nhiém
ndng. * Phan tich dwa trén 93 OTC, bao gom 22 OTC thugc VNC.

Ham luong KL nhin chung giam theo thir ty
Fe (36.755) > Mn (512,2) > Zn (100,3) > Pb
(75,5) > Cr (70,2) > Cu (57,1) > Ni (41,0) > As
(21,7) mg/kg. Trong ca 8 nguyén td, to hop Trang
- St ¢6 ham lugng cao nhat. Pang chu y, ham
lugng Pb va Mn tai quan xa Trang cao hon so voi
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quan xa Trang - Pudc voi, trong khi Cu, Zn, Cr,
As va Ni tai Trang twong duong hodc chi thap
hon khéng dang ké so vé6i Trang - Pudc voi. Su
khac biét v& ham luong KL giita cac quan xa cé
thé lién quan dén sy khac nhau vé dic diém sinh
thai va cau triic cua timg quan xi. Két qua diéu
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tra thyc dia (Hinh 1) cho thdy, Pudc voi thuong
duogc trong véi mat do thua, trong khi Trang c6
phan than twong déi nho va thang, cd quan xa
Trang va Trang - Pudc voi déu c6 sd luong cay
tai sinh dudi tan twong ddi it. Cau tric tham thuc
vat thua co thé lam giam kha ning can dong va
giir lai vat chat lo limg, dic biét 1 cac hat trim
tich min - thanh phan thuong c6 kha ning hap
phu va luu gitt KL cao [6]. Nguoc lai, St thuong
moc thanh cum, cé than cong, nhiéu nhanh nho
va trong t6 hop Trang - St xuat hién nhiéu ciy tai
sinh dudi tan, tao nén ciu tric tham thuc vat
tuong d6i day - thé hién qua gia tri AGB cao nhét
trong ca 3 nhom loai (muc 3.2). Bac diém nay co
thé lam giam van téc dong chay va giir lai vat
chit hat min, qua do tao diéu kién thuan loi hon
cho su tich litly KL trong tram tich.

Xu huong nay phu hop véi mot sb nghlen
clru tai cac HST RNM. Tai RNM Cén Gio, cac
nghlen ctru ghi nhén sy tich liy KL chiu chi phdi
boi cac hat trarn tich min (kich thuéc khoang 5-
10 pm) va céu triic tham thyc vét ngép mén [8]
cting nhu loai Pudce ddi co kha nang tich liy KL
kém hon so vdi loai Mim trang [22]. Tai Khu bao
ton Phuc Pién, Thim Quyén (Trung Quoc) ham
luo*ng KL & Mam bién cao hon Xu 6i, Ban chua
va Ban khong canh [1].

So véi cac khu vuc RNM khéc, ham lugng
KL tai VNC vira ¢6 diém twong dong vira ¢6 khac
Bang 3. Twong quan

biét, phan anh sy chi ph01 cta diéu kién ngudn
cung cap tram tich, mirc d6 tac dong nhan sinh,
dic diém HST RNM va thuy dong Iwc hoc dac
thu theo tirng khu vyc. Tai RNM Céan Gio [8], Cu
va Pb tai VNC cao hon trong khi Zn, Cr va Ni
thap hon; sy khac bi¢t nay co6 thé lién quan dén
nguodn tram tich khéac nhau (VNC chiu anh huong
truc tlep cta séng Hong v6i ham lugng phu sa rat
cao va rat giau Pb [6], trong khi Cén Gid chiu anh
hudng cua hé thong song Dong Nai - Sai Gon va
nam ngay sat khu do thi, cong nghiép lon nhit ca
nuée 13 Thanh phd HCM - Pong Nai [4, 8]). So
v6i RNM vinh Tham Quyén, Trung Quoc [1], Cr
va Ni twong duong nhung Cu va As thgtp hon, cé
thé do khac biét vé nén dia chat ven bién va mirc
dd phat trien cong nghi¢p, cang bién va ndng
nghi¢p gitra hai khu vue. Doi voi toan bd RNM
DBSH do tai tang 0-100 cm [7], As, Cr va Mn tai
VNC (tang 0-50 cm) cao hon khoang 1,09-1,29
lan so v6i phan con lai cua vung, trong khi Pb,
Zn, Fe tuong du’ong va Cu, Ni thap hon; sy khac
bi€t nay c6 thé xuat phat tir viec VNC chiu anh
hu(mg tryc tiép cua cira Ba Lat, trong khi phan
con lai cia RNM DBSH chiu tic dong chinh tir
cac cura song Théi Binh va Van Uc, dan dén khac
biét vé nguon vat liéu tram tich va dong luc bdi
lang giita cac cira song.

3.2. Twong quan giira KL va sinh khdi trén
mit dat

itra ham lwong cic KL véi sinh khoi trén mit dat

Lodi Cu Pb /n Mn Cr As Ni Fe
r p r P r p r p r p r P r p r p
Trang 0,19 | 0,60 |0,16| 0,65 | 0,13 |0,71| 0,05 | 0,90 | 0,44 |0,20-0,08 |0,82|0,45|0,19|0,35|0,32
Trang - Su | 0,66 | 0,02 |0,57| 0,05 | 0,26 |0,41] 0,60 |0,04| 0,49 |0,11]| 0,64 |0,02|0,61|0,03]0,51|0,09
Dllxrgrcl%/(:)i 0,47 (0,29 10,83 0,02 | 0,73 |0,06| 0,70 | 0,08 | 0,16 |0,74| 0,25 |0,60|0,32 (0,48 0,26 |0,58

Két qua tinh toan cho théy, AGB tai VNC
bién dong kha manh gitra 3 don loai va to hop
loai, cling nhu trong timg nhom loai, cao nhat &
Trang - Su, tiép theo 1a Trang va thdp nhat tai
Trang - Dudc voi, twong ung la 50,1 (19,5-
118,8), 43,2 (10,2-103,7) va 38,5 (22,5-55,8)
tan/ha. Udc tinh cua Nguyen va cs (2017) [14]
cho két qua thip hon (trung binh toan ving 32,8
tan/ha), trong khi Nguyén Thi Hién va cs (2018)
[13] cho két qua cao hon & Trang (trung binh
83,8 tan/ha) Su khac biét nay c6 thé dén tir vi tri
va so lugng OTC dugc chon, dan dén khac biét
vé mat d6 va kich thudc cdy: Nguyen va cs
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(2017) [14] dung 8 OTC, trong khi nghién cuu
nay st dung 25 OTC; Nguyén Thi Hién va cs
(2018) [13] dung 3 OTC canh nhau véi mat d
cao hon (197 cay/OTC) so véi 137 (40-272)
cay/OTC cua Trang trong nghién ctru nay tai 13
OTC phén tan. Bién d6 dao dong AGB 16n giita
cac OTC cung nhom loai (vi du Trang: 10,2-
103,7 tin/ha) ciing cho thay vi tri OTC anh hudng
dang ké dén két qua do duoc.

Mbi twong quan giita AGB va ham lugng KL
c6 su khac biét dang ké giita cac don loai va t6
hop loai RNM va trong ting don loai, to hop loai
(Bang 3 va hinh 3). Tai Trang, AGB khong c6
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tuong quan c6 y nghia thong ké véi cac KL (p >
0,05), v6i h¢ s6 twong quan tr -0,08-0,45, cho
thdy chua c6 mbi twong quan rd rét gitra AGB va
su tich liy KL trong dat. Trong khi do, tai Trang -
Su, AGB c6 twong quan manh véi Cu (r = 0,66),
Mn (r = 0,60), As (r = 0,64) va Ni (r = 0,61),
dong thoi twong quan c6 ¥ nghia thong ké véi Cu,
Mn, As va Ni (p < 0,05), cho thiy xu huéng ham
luong cac KL gia ting cung véi AGB ¢ to hop
loai nay. Tai Trang - Pudc voi, chi riéng Pb co
tuong quan manh va c6 y nghia voi AGB (r =
0,83; p = 0,02), trong khi Zn (r = 0,73; p = 0,06)
va Mn (r = 0,70; p = 0,08) c6 xu hudng tuong
quan kha cao nhung chua dat y nghia théng ke.

Muc tuorng quan v6i AGB nhin chung la
khong qua rd rang, dong thoi cac chi s6 CF va
Igeo & muc 3.1 cho thay, ham lugng cac KL Van
khong qué xa gia tri nén dia héa, cho thay ngudn
dia héa ty nhién van chi pho1 chinh qua trinh tich
liy KL tai VNC. Tuy vay, ham lugng KL va
AGB deu cao hon tai quan xa Trang Su, dong
thoi nhiéu KL co tuorng quan c6 y nghia thong ké
v6i AGB tai quan xa nay, 201 m& kha nang ton tai
su khac biét ve vai tro cla cac qua trinh sinh dia
hoa trong tich Ity KL gifta cac quan xa thuc vat
ngap man. Piéu nay phu hop VoL két qua nghién
ctru khac tai Viét Nam va ¢ qudc gia khac [8],
trong d6 vai tro ciia tram tich hat min va cau trac
tham thyc vat ngdp man, voi dic trung khac nhau
giita cac loai, dugc cho 1a ¢6 lién quan dén qua
trinh tich liy KL.

Mn o As NI AGE cCu  Pb zn Mn o As NI

f = =

P (c) [
zn 3/// Zn
N g
o Tt 8 gk et -
As ;-///———// As
w Bl = s S = =

re = 1////////

Hlllh 3 Bleu do t1r0’ng quan giira ham lu’0’ng cac KL va gura ham lwong cac KL vé6i sinh khéi
trén mat dat: (a) Trang, (b) Trang - Su va (c) Trang - Puéc voi

4. KET LUAN VA KIEN NGHI

AGB cua RNM tai VNC khac biét o giira 3
don loai va t6 hop loai, ddng thoi co bién do dao
dong 16n trong ndi bo timg nhom loai. AGB cao
nhit & Trang - Su, tlep theo 1a Trang va thap nhét
¢ Trang - Dudc voi (twong ung 50,1, 43,2 va 38,5
tan/ha), phan anh sy khac biét vé mat do va cau
trac quan thé gitra cac quan xi ciing nhu trong
tung nhom loai.

Két qua phan tich ham luong KL trong dit tai
3 don loai va to horp loai cho thay, ngoai trir Mn
chua cé nguorng gi6i han quy dinh, ham lu’orng
cac KL con lai déu thap hon giéi han d01 voi dat
rung theo QCVN 03:2023/BTNMT. Dbi voi tram
tich blen ham lu’ong Cu, Pb, Zn, Cr, As va Ni
déu thip hon gidi han twong tmg theo QCVN
43:2025/BNNMT, trong khi Fe vuot nguomg quy
dinh. Bén canh do g1a tri 1on nhat cia Pb tai
Trang va Trang - Su cung nhu Cu tai Trang Su,
¢ cac OTC vuot nhe g101 han twong Ung cua quy
chuan. Cac chi s6 CF va Igeo cho thdy, Pb, As va
Cu ¢6 mirc lam giau cao hon cac KL con lai, dac
biét tai Trang - Su, trong khi Fe, Mn, Cr, Ni, Zn
chu yéu ¢ mirc nén, phan dnh nguén goc tu nhién
la chu dao, c6 thé c6 thém dong gop nhén sinh
cuc bo doi véi Pb, As va Cu.

Mbi quan hé glua ham hmng KL va AGB
khac nhau giita cac don loai va to hop, loai:
Khoéng ro6 rang tai Trang, c6 y nghla v6i nhiéu KL
(Cu, Mn, As, Ni) tai Trang - Su va chi véi Pb tai
Trang Dudc voi - goi y kha nang c6 su tham gia
cua cac qud trinh sinh dia hoa chi ndi bat & mot s6
quan xa nhat dinh, bén canh vai tro chi phéi chinh
ctia co ché trim tlch tu nhién.

Nhin chung, kha nang tich liy KL va mdi
lién hé voi AGB thé hién 1d nét, nhét tai Trang -
Su, cho thay su khac biét vé cu tric va thanh
phan loai cua quan xa c6 thé lién quan dén sy
khac biét vé ham luong KL trong dit RNM tai
VNC. Do d6, cac chuong trinh quan tric moi
tnm’ng dat RNM nén uu tién cac KL c6 mirc 1am
giau cao (Pb, As, Cu) va xem x¢€t sy khac biét
gilia cac quan xa thuc vat, thay vi chi danh gia o
quy mo toan hé sinh thai. ) )

Tuy nhién, nghién ctru con mot so han cheé
can duoc khic phuc trong cac hudng nghién ctru
tiép theo. S6 lugng OTC, dic biét tai to hop loai
Trang - Pudc voi con han ché va bién d6 dao
dong AGB gitra cac OTC kha 16n, do do cac
nghién cuu ti€p theo can md rong so luwgng diem
khao sat va bo sung thém cac don loai, to hop loai
dé nang cao dd tin cdy va kha ning khai quat hoa
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két qua. Nghién ctru méi dimg & danh gia murc do
tich lily va twong quan, chua truy Xuét nguon phat
thai cling nhu chwa xem xét day du cac yéu té
khac nhu ciu trac hé ré, vt roi rung, ham lugng
chét hitu co trong dat va cong dong vi sinh vat; vi
vdy, viéc két hop cac phuong phép truy XuAt
ngudn nhu PCA, phan tich dong vi, cing véi cac
chi tiéu bd sung néu trén, s& gitp 1am rd hon co
ché tich lily KL va vai tro cua sinh khéi thuc vat
trong qué trinh nay. Cudi cung, do CF va Igeo
trong nghién ctru nady dugc tinh dya trén gid tri
nén tham chiéu ngoai khu vuc (da phién sét trung
binh toan cau), cac nghién ciru tiép theo nén xiy
dung gia tri nén dia hoa dia phuong dé danh gia
chinh xac hon mitrc @6 tich lity KL tai VNC.
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STUDY ON METAL CONCENTRATIONS IN RELATION TO BIOMASS AND SPECIES
COMPOSITION OF MANGROVE FORESTS AT XUAN THUY NATIONAL PARK

Le Nhu Nga', Dinh Thi Diu?, Pham Thi Minh Hanh', Ngo Xuan Chieu®,

Nguyen Xuan Tung®, Nguyen Thi Viet Lien'

! Institute of Mechanics, Vietnam Academy of Science and Technology
? Faculty of Environmental Sciences, VNU University of Science
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¥ Mangrove Ecosystem Research Center, Hanoi National University of Education
Abstract

Mangrove forests play an important role in improving coastal environmental quality, carbon
sequestration and climate change mitigation. This study assessed aboveground biomass (AGB) and the
enrichment levels of eight metals (M: Cu, Pb, Zn, Mn, Cr, As, Ni and Fe) in surface soil (0-50 cm)
across three dominant monospecific and mixed-species mangrove communities at Xuan Thuy National
Park, Ninh Binh Province: Kandelia obovata, K. obovata - Aegiceras corniculatum and K. obovata -
Rhizophora stylosa, based on 25 sampling plots. AGB was highest in the K. obovata - A. corniculatum
community, followed by K. obovata and lowest in the K. obovata - R. stylosa community (50.1, 43.2
and 38.5 t/ha, respectively), reflecting differences in stand density and structure among communities.
Except for Mn, for which no regulatory threshold has been established, the concentrations of the other
metals were generally below the reference limits specified in QCVN 43:2025/BNNMT and QCVN
03:2023/BTNMT. However, Fe exceeded the limit specified in QCVN 43:2025/BNNMT; meanwhile,
the maximum concentrations of Pb and Cu in sampling plots slightly exceeded the corresponding
limits. The contamination factor (CF) and geoaccumulation index (Igeo) indicated moderate-to-high
enrichment of Pb, moderate enrichment of As and Cu and predominantly background levels of Zn, Mn,
Cr and Ni - suggesting that natural geochemical sources govern most M accumulation, with possible
localized anthropogenic contributions to Pb, As and Cu. The relationship between AGB and M
concentrations varied among communities: Pb correlated strongly with AGB in the K. obovata - R.
stylosa community (r = 0.83; p = 0.02), whereas Cu, Mn, As and Ni correlated with AGB in the K.
obovata - A. corniculatum community (r = 0.60-0.66; p < 0.05), suggesting that biogeochemical
processes may additionally contribute to the observed relationships, alongside the likely role of fine-
sediment deposition. Pb, As, Cu and Fe should be prioritized in soil environmental monitoring

programs for this mangrove ecosystem.

Keywords: Metal concentrations, mangrove species, above-ground biomass, Xuan Thuy National Park.
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