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Abstract: Fertilizers are widely used in farming, contributing to improving crop productivity and
quality. However, the uncontrolled use of fertilizers in vegetable production may cause
consequences on the environment, crops, and human health. This study evaluated the effects of
fertilizer use on nitrate and metal content in Dong Du mustard green (Brassica campestris L.). The
effects of fertilizers were analyzed for different fertilizer types, nitrogen content, quantity, and
fertilization regime on the field scale in Me Linh, Hanoi. Nitrate content in Brassica campestris
L. ranged from 47 to 344 mg/kg when applying the studied fertilizer formulas, which was lower
than the limits in Decision 99/2008 of the Ministry of Agriculture and Rural Development for plants
of the same family Brassicaceae and the average limit from Circular 68/2010 of the Ministry of
Agriculture and Rural Development for on food safety limits. The Cd and Pb contents fluctuated at
0.05-0.13 mg/kg and 0.99-3.26 mg/kg in this vegetable, respectively, which were both higher than
the limits prescribed by safe vegetable standards (according to CODEX STAN 193-1995). The study
demonstrated the level of safety of the studied fertilizer formulas in the production of Dong Du
mustard green in term of nitrate accumulation.
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Anh hudng cta sir dung phan bén dén ham lwgng NOs
va kim loai trong cai Bong Du (Brassica campestris L.)
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Tém tit: Phén bon dugc tmg dung ph bién trong trong trot, gop phan nang cao nang suat va chat
Iuong cay trong. Tuy nhién, viéc sir dung phan bon mot cach thiéu kiém soat trong san xuat rau co
thé dan dén hau qua dbi v6i moi truong, cay trong va sirc khoe con nguoi. Nghién ciru nay danh gia
anh huong cua viée st dung phan bon dén ham luong nitrat va kim loai trong rau cai Péng Du
(Brassica campestris L.). Anh hudng ctia phan bon duge danh gia theo loai phan bén, ham lugng N
ctia phan bon, lugng phan bon va ché do bon phan duoc sir dung trén quy mé dong rudng tai Mé
Linh, Ha N6i. Ham lugng nitrat trong rau cai Bong Du dao dong tir ~197 dén ~1405 mg/kg khi ap
dung céc cong thirc phan bon nghién ctru, va thip hon so véi mirc gisi han ti da trong quy dinh cua
Uy ban Chau Au (EU) 2023/915 vé chat 6 nhidm trong thuc pham dbi v6i cdy cing ho Brassicaceae
va mirc giéi han cho phép dbi véi rau bina va diép xoan & Thong tu 68/2010 cua Bo NN&PTNT vé
mirc giGi han cho phép vé an toan vé sinh thuc phdm. Ham lwong Cd va Pb trong rau twong tmg
trong khoang 0,05-0,13 va 0,99-3,26 mg/kg va déu cao hon so v gi61 han quy dinh theo tiéu chuan
rau an toan (theo CODEX STAN 193-1995). Nghién ctru gop phan dua ra cac cong thirc phan bon
an toan trong pham vi nghién ciru ddi voi san xuat cai Pong Du ddi v6i ham lugng NO;- tich liy
trong rau.

Tur khéa: NOg', cai Pong Du, st dung phan bon, 16ng ga thai, kim loai.

(Cd, Cr, Pb, Zn, As va Hg, ...
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). Kim loai nang

Phan bon dugce str dung phd blen trong trong
trot, gop phan nang cao nang suat va chat luong
cay trong. Tuy nhién, viéc s dung phén bon mot
cach thiéu kiém soat trong canh tac rau co the
dan dén hau qua d6i voi moi trudng, ciy trong
va stre khoe con ngudi. Dinh dudng nhu nitrat
trong dat du thira bi rira tréi ngdm xudng ngudn
nudc ngam gay 6 nhiém [1]. Phan bon vé co

(ddc bi¢t la phan lan tr quang phédt pho) [2, 3]
va phan bon hitu co [4] c6 thé chira kim loai niang
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tich tu trong dat, duoc cay rau hap thu, di vao co
thé ngudi qua chudi thire an [5, 6]. Kim loai néng
trong phan bon ciing bi rira troi vao nuéc, gay 6
nhidm ngudn nudc va tich liy trong chudi thirc
an [7]. Su dung qua nhiéu phan dam (N) hoic
bon khong can doi (khong bon lan, kali, hitu co)
s€ lam cho nitrat (NO3) tich tu cao trong 4 rau.
Trong co thé nguoi, NOg™ bi khir thanh nitrit
(NOy), sau d6 hinh thanh nitrosamin (chat gay
ung thu da day) khi gap amin trong da day va
tang nguy co ung thu thyc quan va tai mat [8].
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Nitrit con lién quan dén chimg methemoglobin
mau (“tré xanh” do thiéu oxy) va c6 thé lam ha
huyét ap, anh huang sinh san (tang nguy co say
thai) [9]. Cac nghién cau cho thay kim loai niang
la yéu té nguy hai thr hai sau nitrat gay ra rau
qua “khoéng an toan” [10]. Cd tich tu & than,
xuong va la nguyén nhan gay bénh “itai-itai”
(tran canxi va dau xuong), trong khi Pb anh
huong than kinh, va As gay ung thu da, phoi,...
Phy nit mang thai bj phoi nhiém Pb, Cd,... s& lam
thai nhi kém phat trién (sinh non, thiéu thang,
suy dinh dudng bao thai), vi Pb va Hg dé xuyén
qua nhau thai, Cd ciing anh huéng dén sinh
truong cua thai nhi [11]. Anh huoﬂg nay kéo da,
gay nguy co tré sinh ra gap cac van dé vé than
kinh, tri tu¢, noi tiét va mac bénh man tinh & tudi
truong thanh. Nghién ctiu hién dai cho thay phoi
nhiém Pb va As lam thay d6i thanh phan vi
khuan duong ruot, lién quan dén nguy co ting
can, béo phi va tieu duorng type 2 [12].

Manegabea & cong sy (cs) (2025) tong quan
vé 6 nhiém kim loai trong rau trong & cac khu
vuc dat tudi bon cho thdy ham lugng Cd, Cu, Pb,
Cr, Zn tich tu trong cac loai rau twong irng trong
khoang 0,005-59 mg/kg (1,0997 mg/kg),
0,4-35,55 mg/kg (10,8795 mg/kg), 0,01-50,328
mg/Kg (9,8718 mg/kg), 0,006-300,52 mg/kg
(45,8311 mg/kg), va 2,18-203,25 mg/kg (55,716
mg/kg) [13]. Gia tri trung binh cta ham lugng
kim loai trong rau tidng theo trinh tu
Cd>Pb>Cu>Cr>Zn. Ham lugng Cd va Cu cao
dugc thay ¢ cai xoong trong vuon. Trong khi d6
ham lugng Pb, Cr, Zn dugc tim thay trong rau
bina, rau di€p va stp lo. Trong 6t xanh, Cd, Cr
c6 ham lugng thap va Cu, Pb, Zn cling c¢6 ham
luwong thap trong cu cai. Nghién ctru cia Anant
& Bhagat (2018) [14] va Rahim & cs (2024) [15]
cho thay, ngoal Cu, Zn, cac kim loai con lai trong
rau déu c6 ham luong cao hon gia tri quy dinh
bai WHO/FAO. Piéu d6 cting c¢b quan diém rang
Cd, Pb, Cr c6 thé gay tac dong tiéu cuc vdi sirc
khée con nguoi khi tiéu thu rau [16-18]. Pb tich
tu trong cu khoai tay cling vuot qua gia tri quy
dinh béi WHO/FAO (0,1 mg/kg) trong khi céac
kim loai khéac khong vuot ngudng cho phép khi
st dung phén boén v6 co va hitu co [19].

Ham lugng NOs™ trong dat do bon phén du
thira N lam tang luong hap thu va tich lity ion
nay trong rau, diac biét doi véi rau xanh an la
[20]. Mtrc d tich lity NOs™ phuy thudc vao loai

rau va cac by phan trén cay rau. Thong thuong,
muc d¢ tich lily cao ¢ 14 cua cac cay khong thude
ho dau va thap & cu, ré, qua va hat [21]. Céc loai
rau xanh an 14 nhu Apiaceae (can tay, mui tay),
Asteraceae  (rau  di€p), Chenopodiaceae
(cdi Thuy Si, rau bina) va Brassicaceae (arugula,
cu cdi, mu tat) dugc biét dén 1a cac loai rau tich
tu NO3™ [22]. Ham lugng NOs™ tich lily trong cac
loai rau bina, arugula, cai Thuy Si, di€p, hung,
thi 1a, mui tay lan lugt 1a 8-7793; 963-9000;
53-4774; 8-4795; 94-5174; 2236-3267 va
10-3590 mg/kg, phu thudc vao mua va diéu kién
sinh trudng [22]. Tuy vay, nghién ctru cy the vé dnh
hudng cua loai phén, lugng sir dung, ché do bon, ...
dén tich tu kim loai va NO3™ con rat han ché.

Cai bong Du (cai be, cai dua), tén khoa hoc
la Brassica campestris L., thuoc ho Cai
(Brassicaceae) [23]. Day 1a mét loai rau an 14 co
gla tri kinh t¢ quan trong va duoc stir dung rong
rai trong am thuc. Rau a an la dimg thtr 2 trong day
trinh ty cac thyc vat vé tiém nang tich iy NOs™:
thyuc vat than thao > rau an 1a > rau an than > rau
an cul va an ré > rau an qua > cdy ho ddu > rau an
hoa va mam > hanh > qua > nim [22]. Rau an 14
va ré cling cohé s tich lity sinh hoc cta kim loai
cao [24]. O rau an 14, tiém nang tich liiy Pb va
Cd 1a cao nhat trong céac kim loai chu ycu [25].
Nghién ctru vé tdc dong cua phén bon dén tich tu
NO3" va kim loai trong cdi Pong Du, mot giong
cai dia phuong rat han ché.

Nghién ctru nay dénh gid ham lugng NOs™ va
kim loai trong cai Péng Du trong cac diéu kién
su dung phan bon khac nhau: loai phan, lugng
phan, ché d6 bon phan, tir d6 dua ra cac khuyén
nghi nham dam bdo an toan khi trong va sir dung
loai cay nay.

2. P6i twong va phwong phap nghién ciru
2.1. Péi twong nghién ciiu

Rau cai bong Du (Brassica campestris L.)
dugc thu hoach tir thi nghiém dong ruong tai Mé
Linh, Ha N6i & vu dong, sau 41 ngay trong. Cai
DPong Du dugce dong tai nhya kin va chuyén vé
phong thi nghiém ngay sau khi thu hoach dé bao
quan va xir ly mau cho cac thi nghiém phan tich.

Phan bon sir dung trong nghién ciru gom
phan Pau trau NPK 13-13-13 + TE (NPK), phan
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ga (PG) 12 hdn hop vo trdu (~80%) va phén ga
da 0 hoai 5 thang (~19%), phan compost ché tao
tir 16ng ga thai va vo chudi (T1,7T2,T3,T4), va
phan compost vo chudi (T5) vai cac chi tiéu tong
nito (TN), kim loai nang va vi sinh vat da duoc
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phan tich (Bang 1). Coliform phan va
Salmonella khong phat hi¢n trong phéan bon,
trong khi d6 tong coliform chi c6 gia tri rat nho
va chi xuat hién ¢ 2 trong 6 loai phan nghién ctru.

Bang 1. Tinh chat cta cac loai phan bon st dung trong nghién ciru

Phén bén ™ Kim loai (mg/kg) C(;Flci)fn)grm salmonella C(I):ﬁ?g:m
’ A n 3 0
Ki hiéu M6 ta (%) As Pb Hg Cd MPN/g MPN/g MPN/g
PG Phén ga 2,09 | 0,788 | 0,228 | <0,01 | <0,1 KPH KPH KPH
Phén léng ga
T1 (90%) vo chubi 12,6 | 0,668 | <0,2 | <0,01 | <0,1 KPH KPH KPH
Phén 16ng ga
T2 (60%) Vo chubi 12,3 | 0,874 | 0,633 | <0,01 | <0,1 9,2 KPH KPH
Phén 16ng ga
T3 (30%) vo chubi 10,7 | 0,771 | 0,633 | <0,01 | <0,1 KPH KPH KPH
T4 | Phanlonggd | g5 16977 | <02 | <001 |<01| KPH KPH KPH
(15%) vé chuoi
T5 Phan vo chudi 3,6 |0,103 | 0,382 | <0,01 | <0,1 9,3x10! KPH KPH
Pau trau NPK
NPK | o 1sste | 13 - - - - KPH KPH KPH
QCVN 01-189/2019- <
BNNPTNT vé phan bon <10 - <2 <5 KPH <1,1x108
~ . 200
hiru co sinh hoc

2.2. Phuong phap nghién ciru

2.2.1. Phuong phdp danh gia danh huong cua
viéc sir dung phdn bén 1én chat liwong cay rau cdi
bong Du

Anh huong cua phan bén dén ham luong
NO3" va kim loai trong cdy cai Bong Du duge
xéc dinh & quy mé thi nghiém ddng ruong tai Mé
Linh, Ha Noi véi cac cong thic thi nghlem giup
so sanh diéu kién khong co phan bon, c6 phan
bon vo co, ¢6 phan bon hiru co thong thuong va
€6 phan bon hitu co ché tao tir [ong ga thai va vo
chudi. Lugng phdn bon st dung theo hién trang
st dung bdi nguoi nong dan dia phuong tinh theo
khéi luong kho (trung binh 250 kg PG/sao
(~6,944 tan/ha)). PG duoc phan tich co6 do am
~19%. Bon 16t dugc thuc hi¢n theo cich tron
phan bon vao dat & do sau canh tac 10-20 cm
trudc khi cay rau 3 ngay Boén thuc dugc thyc
hién ¢ 2 tuan sau khi cay cay rau cai, khi cay rau
cai da song 6n dinh va chuan bi x0e Ia Cac 6 thi
nghiém co kich thude 1 m? duoc phan bb ngau
nhién va mét cong thac thi nghiém duoc lap lai

3 lan. G mbdi 6 thi nghlern 16 céy rau cai Dong
Du ¢6 4 14 thyc, c6 kich thuge ddng déu, duoc
cay voi khoang cach déu ~27 cm (2 cdy ngoai
cung cach mép 0 thi nghiém 10 cm).

2.2.2. Phuong phdp phén tich NOs™ va kim

logi trong rau

Mau rau cai dugc 1iy theo TCVN 9016:2011
vé rau tuoi - phu’ong phap lay mau trén rudng san
xudt. Mau rau cai sau thu hoach dugc mang vé
phong thi nghiém va xu ly trong Vong 4 gi. Mbi
cdy cai duoc chia thanh 4 phan va chia thanh 2
nira theo cac phan déi dién. Cai sau d6 dugc rua
sach bang nudc may, trang 2 lan bang nuGe cét
r0i dé rdo. Mot nira dugc céan 10i dem say kho
& 70°C, dé phan tich @6 am va ham luong kim
loai, nira con lai cho vao tai nilon cho vao
tu dong lanh da dé bao quan trude khi dem phan
tich NOs.

Ham lugng NOs™ trong mau rau tuoi dugc
phan tich theo TCVN 6180:1996 - Xic dinh
nitrat - Phuong phdp trac phd dung axit
sunfosalixylic. Toan b mdu rau tuoi dugc
nghién nhé cung vdi nudc deion (1:1 v/v) bang
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may xay sinh t6, ly tam lanh (4°C) va loc 13y dich
bang giay loc Whatmann No. 2. Dich loc dugc
pha loang trude khi cho phan ing tao mau vang
va NOg™ dugc xdc dinh theo phuong phap do
quang & budc song 415 nm trén may quang pho
HACH 3900. Ngudng phan tich NOs; theo
phuong phap nay 1a 0,02-0,2 mgN/L.

Kim loai trong mau rau kho dugc phan tich
theo TCVN 9525:2018 - thuc pham - Xac dinh
cac nguyén to vét - phan hily mau bang ap luc.
Quy trinh pha mau: 0,2 g mau kho dang bot dugc
tron voi 5 mL nudc cudng toan, phad mau &

180°C trong 30 phut. Dung dich sau phd mau
duoc loc qua gidy loc GF/C, thu thé tich dén
25 mL trudce khi dem phan tich trén thiét bi pho
khdi plasma cam tmg (ICP-MS 7900 Agilent).
Ngudng do cua cac kim loai As, Pb, Hg, Cd, Cr,
Cu, Zn 1a 0,01 ppb.

2.2.3. Phurong phdp xir Iy s6 liéu

Két qua ham luong nitrat NO3™ va kim loai
trong rau duoc thu nhap va xir ly théng ké bang
phan mém Microsoft Excel va phan tich phuong
sai mot chiéu (ANOVA).

Bang 2. Cong thire thi nghiém dénh gia tac dong cua phén bon tir 16ng ga thai dén cay trong
& quy mo dong rudng

Bon I6t Bon thic |
Ky hicu Loai phan (I;; n(;j}:f) Loai phan (Ii(lgr;(;f?ag)
bC Khdng bon phén
PG Phan ga 5,625
PG+ Phan ga 5,625 Pau trdu NPK 13-13-13+TE 200
PGx2 | Phan ga 11,250
T1 Phan 16ng ga (90%) + vo chudi 5,625
T1+ Phan 16ng ga (90%) + vo chudi 5,625 Dau triu NPK 13-13-13+TE 200
T2 Phan 16ng ga (60%) + v6 chudi 5,625
T2+ Phan 16ng ga (60%) + vo chudi 5,625 Dau trau NPK 13-13-13+TE 200
T2x2 Phan 16ng ga (60%) + vo chudi 11,250
T2/4 Phan 16ng ga (60%) + vo chudi 1,406
T2/4+ | Phan 16ng ga (60%) + vo chudi 1,406 Dau trau NPK 13-13-13+TE 200
T3 Phan 16ng ga (30%) + vo chudi 5,625
T3+ Phan 16ng ga (30%) + vo chudi 5,625 Diu triu NPK 13-13-13+TE 200
T3x2 Phan 16ng ga (30%) + vo chudi 11,250
T4 Phan 16ng ga (15%) + vo chudi 5,625
T4+ Phan 16ng ga (15%) + vo chudi 5,625 Dau trau NPK 13-13-13+TE 200
T5 Phan vo chudi 5,625
T5+ Phan vo chudi 5,625 Diu triu NPK 13-13-13+TE 200
NPK 0,55 | Pau trau NPK 13-13-13+TE 5,625
NPK 0,28 Diu triu NPK 13-13-13+TE 2.813
NPK 0,16 Diu triu NPK 13-13-13+TE 1.607

3. Két qua va thao luin

3.1. Anh huong cia phin bén dén ham leong
NOs trong cdy rau cai Pong Du

Két qua phén tich phuong sai mét chiéu
(ANOVA) cho thay co6 sy khac biét co y nghia
thong ké gifta cac cong thirc bon phan vé ham

luong NO:s™ tich lity trong rau (p < 0,001) (Hinh 1).
O cong thirc NPK 0,55; ham luong NOj3™ trong
rau 1405,07 + 6,45 mg/kg cao nhit; cho thay
phén vo co lam tang tich lily NOs™ trong rau ¢
muc cao nhat. Nguoc lai, & cong thire TS, ham
lugng NOs trong rau 1a 197,15 + 5,34 mg/kg, la
thip nhit, nho hon ca & cong thirc dbi ching
(PC) vai ham lugng NOs™ trong rau 1a ~ 346,09
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mg/kg, cho thay khong c6 su tich lity ion nay khi
st dung phan compost vo chudi. Ngoai T5, tat ca
cac loai phan bon nghién ciru déu lam gia ting
tich liy NOgs™ trong rau. Véi cac loai phan bon
khac nhau, muae d6 tich 1ty NO3™ trong rau khac
nhau phan anh sy khac biét vé dang tdn tai va
lugng cua cac dang N trong ting loai phan. Do
do, muc do tich liy NOs™ trong rau khong thé
hién m01 tuong quan ti 1€ thuén véi ham luong N
tong sO trong cic loai phan bon s dung
(Hinh 2). Khi st dung cung mdt loai phan bon,

muc d¢ tich lily NO3™ trong rau ti & thudn voi
luwong phan bon duoc st dung va mure do tich iy
nay cao hon 1o rét khi sit dung phan bon vo co
(NPK) so véi truong hop st dung phéan bon hitu
co (T2) (Hinh 3). Tuy vdy, mdi lién hé nay khong
dung véi tat ca cic loai phan bon dugc thi
nghiém (PG, T3) (Hinh 2). Mit khac, viéc bon
thiic bang phan bon NPK khéng phai lic nao
cling lam gia tang tich liiy NOs3 trong rau
(Hinh 2), ¢6 thé do cay cai di st dung cho su tich
liiy sinh khdi & dang N hitu co.

1400 e
b c
N d
4 e
1000 - h gh e f
s g : —B. -
g . K L
g m -
z | o
) i n n
o ———
400 i —
p
£ < :l “V;l :' ' e ,;{:
\ B :s*" gt gt

Cong thirc thi nghigm

Hinh 1. Ham lugng NO3’ (mg/kg dw) trong cdy rau cai Dong Du ¢ cac cong thirc thi nghiém
(chit cai biéu thi phan nhom thdng ké ciia két qua, khac nhom 1a khac biét co y nghia thong ké).

Ham luong NO3 trung binh trong cay rau cai
bong Du dugc bon phan theo cac cong thirc
nghién ctru chi bang khoang tir 1/10 dén 1/3 murc
gidi han t6i da cho phép trong mot s loai rau
(bina, diép, cai) theo thong tu sb 68/2010/TT-
BNNPTNT va quy dinh ciia Uy ban Chau Au
(EU) 2023/915 vé chat 6 nhiém trong thyc pham.
Mirc ham luong nay chi bang hon mét ntra cho
dén gip hon 2 lan muc gidi han t6i da cho phép
dbi v6i mot s6 loai cdy ho cai khac theo Quyet
dinh s6 99/2008/QD-BNN vé quan Iy san xut,
kinh doanh rau, qua va ch¢ an toan. Do vay, voi
loai, luong, ché do phan boén 4p dung trong
nghién ctru, ham luong NOjs™ trong cdy rau cai

bong Du & mic d6 an toan véi con ngudi. Ham
luong NOs™ tich lity nam & mirc thap so véi mic
tich Ity trong céc loai rau an 1a dugc nghién ctru
trong tac pham cua Colla & cs (2018) [22] va
Cuch (2025) [26].

Viéc gia tang tich lity NOs™ trong cay rau cai
bong Du khi bon phan theo cong thirc nghién
ctru duogce giai thich boi sy gia ting hap thy tir 6
gia tang tich lily trong cac by phan cua rau [20].
Tich liy NO3™ trong rau khi bon phan vo co cao
hon so v6i phan hitu co duwoc giai thich boi N
téng sb trong phan v6 co NPK 4p dung cao hon
va N co thé dugc chuyén hoa thanh dang dé tiéu
cho cay trong (NH,*, NO3) [27]. Trong phén hitu
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co, N hitu co cin thoi gian khoang hoa dé duoc
hép thu béi thyc vat, va doi khi san phém khoéng
hoa khong dugc tiéu thy boi thuc vat do tao ra
khong dung thoi diém [28]. Mot nghién ctru khac
cling cho thdy cay cai thia bon phan héa hoc
thuong chira lugng nitrat cao hon va ham lugng
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vitamin C, duong thap hon so véi khi ding phan
hitu co [29]. Phan hitu co néi chung giap giam
du lwong nitrat, nitrit trong rau san pham. Phan
tich trén cai thao ghi nhan laeong nitrat va nitrit
giam tuong tmg khoang 19 va 21% khi dung
phan hiru co thay cho phan hoa hoc [30].
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Hinh 3. Ham luong NO3™ (mg/kg dw) trong cdy rau cai Bong Du theo lugng bon phan.

3.2. Anh hwéng ciia phdn bon dén ham leong kim
logi trong cay rau cai Pong Du

Phéan tich ham lugng kim loai trong cay rau
cai Béng Du cho thay murc d6 tich liy kim loai

theo trinh ty Cu>Zn>Cr>Pb>Cd, Hg. Tich Iy
Cd va Pb déu vuot so v6i mirc gii han quy dinh
boi TCVN 4832: 2015 (CODEX STAN
193-1995) vé chit 6 nhiém va doc t6 trong thuc
pham va thie an chan nudi, ciing 13 muc quy
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dinh thong nhat boi WHO/FAO (Cd 0,05 mg/kg;
Pb 0,1 mg/kg ddi voi rau ho cai va Cd 0,2 mg/kg;
Pb 0,3 mg/kg dbi véi rau an 14) d6i vai tat ca cac
mau thi nghiém, bao gébm ca mau ddi chung

khong bon phan. Do vay, khong thé két luan chéc
chan vé sy gia tang tich liy kim loai trong rau
do viéc st dung phan bon theo cac cong thirc
nghién ctru.

Bang 3. Ham luong kim loai (mg/kg) trong cay rau cai Pong Du trong theo cic cong thirc thi nghiém

Cong thirc phén bon Cr Cu Zn Cd Hg Pb
bC 2,03 80,26 84,37 0,08 0,04 2,02
PG 7,70 81,91 69,72 0,13 0,23 2,09

PG+ 12,19 69,61 70,87 0,07 0,16 1,20
PGx2 8,91 59,04 60,51 0,08 0,11 1,77
T5 2,20 142,79 71,76 0,10 0,03 2,92
T5+ 3,47 134,46 87,88 0,12 0,05 2,38
T4 1,29 97,70 66,95 0,07 0,03 1,77
T4+ 1,85 67,44 57,57 0,07 0,09 1,60
T3 381 83,93 77,87 0,07 0,08 2,05
T3+ 2,51 102,21 63,47 0,08 0,05 3,26
T3x2 0,57 79,89 63,51 0,07 0,06 1,45
T2 2,08 61,71 73,51 0,08 0,04 2,30
T2+ 11,74 90,02 70,50 0,09 0,07 2,44
T2x2 5,44 66,31 67,56 0,08 0,04 1,77
T2/4 0,76 65,01 65,58 0,05 0,07 1,37
T2/4+ 1,36 70,92 67,54 0,08 0,05 1,95
T1 1,43 86,52 72,70 0,09 0,01 0,99
T1+ 3,66 104,27 77,79 0,12 0,07 2,99
NPKO0,55 1,52 61,83 60,94 0,08 0,02 1,50
CODEX STAN 193-1995 0,05/0,2 0,1/0,3

Viéc tich liy kim loai v6i lugng lon trong rau
an 14 ¢ cac khu vyc tudi bon dugce ghi nhan trong
cac nghién ctru [13]. Trong cac kim loai, Cd va
Pb tich Ity voi lugng 16n hon va vugt qua gia tri
quy dinh cia WHO/FAO, gy nguy co ddi voi
sttc khoe con nguoi [14-18]. Rau an l4 c6 xu
huong tich liy ham lugng Cd cao hon so véi cdy
an qua va ngii coc [19]. H¢ s6 chuyén dich kim
loai tir dit vao cay trong nhu lta va rau glam dan
theo tha ty Cd > Cr > Pb [31]. Hé sé chuyén
dich tir dit vao rau ctia Cd cao hon Pb do Cd la
nguyén t6 d& dang tham gia vao thanh phan hoa
tan cla phan boén hitu co (axit fulvic) nén Iinh
dong va d& duoc thuc vat hip thu [32] Hé sb
chuyén dich cta Zn tir dat vao cdy tréng lai cao
hon so véi Cd do 2 nguyén t6 c6 tinh chit hoa
hoc tuong tu nén c6 tinh canh tranh khi hép thu
badi thye vat [32].

Trong céac loai phan bon nghién ctru, ham
lugng cac kim loai As, Pb, Hg, Cd déu thﬁp hon
so voi gid tri quy dinh trong QCVN
01-189:2019/BNNPTNT (Quy chuan ki thuat
qudc gia vé chat luong phan bon). Cac loai phan
bon ciing chi méi dugc ap dung & mot vu trong
41 ngay, ham lugng cac kim loai trong phan bon
dap ung yéu cau. Do vy, tich liy kim loai trong
ciy rau cai Pong Du nghién ctru c6 thé do kim
loai tich tu 1au ngay trong dat trong tir qua trinh
canh tac, st dung phan bén, nudc tudi (lay tir
dam) va thudc trir sau. Trong dit dugc tudi bon
o Viét Nam, ham luong mot sb6 kim loai dugc
phat hién & mirc cao nhu Pb (131,38 mg/kg), Cr
(175 mg/kg), va Zn (204,25 mg/kg) [13]. Phén
bon nito 1am ting luong Cd trong dat, phan phot
pho lam gia tang tich lay Cd, Cr, Pb, Zn, As va
Hg va lam tang tinh linh dong cua As, Cd, Zn va
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Pb [2, 3, 19]. Tuong tu, viéc st dung phan bon
hiru co [am tang Zn, Cu, Cd, As va Hg trong dat
va tinh linh dong cua Cd va Zn [19]. Cac kim loai
nang nhu Cu, As, Pb, Hg, Cr, Zn, Al, va Ni dugc
tim thay trong d4t phoi nhiém véi thudc trir su
[13]. Mat khac, nude thai dung lam nudc tudi
dong vai trd quan trong trong gy 6 nhiém kim
loai trong dat [13]. Nghién ctru hé s chuyén dich
ctia kim loai tir trong dit vao cdy trong cho thiy
hé s6 nay phu thudc vao ngudn nudce tudi va loai
rau trong [32].

4. Két luén

Nghién ciru cho thiy cac loai phan bon sir
dung du theo loai, lugng hay ché do6 bon nao
cling lam tang tich liiy NOs™ trong ciy rau cdi
Pong Du, ngoai trir truong hop chi bon 16t voi
phan compost vo chudi (T5). Khi ap dung céc
loai phan bon khac nhau, sy tich lity NOs™ khong
ti 16 thuan vé6i luong N téng s trong phan bon.
Khi st dung cuing mét loai phan bon, tich 1oy
NOs™ trong rau ti 1 thuan voi lugng phéan bon doi
v6i cad phan hitu co (T2) va vo co (NPK), tuy
nhién két luan nay khong dung cho truong hop
phan hitu co T3 va PG. Murc d¢ tich lity NOs™ khi
st dung phan NPK cao vuot tri so véi khi sur
dung céc loai phan bén hitu co. Ché do bon thic
v6i phan NPK khong phai e nao ciing dan dén
gia tang tich lily NOs™ trong rau. O tit ca cac cong
thirc thi nghiém, ham lugng NOs™ trong rau déu
thip hon gia tri gi6i han quy dinh boi
WHO/FAO hay mét s quy dinh cua Viét Nam.
Nguoc lai, ham Iugng kim loai tich lily trong rau
cao va muc do tich liy Cd, Pb vugt dang ké so
v6i mirc quy dinh boi WHO/FAO. Tuy vay, két
qua & mau ddi chimg cho thay ngudn gbc chi
yéu cua kim loai dugc tich lily khong phai tir
phén bon trong nghién ciru ma tir kim loai da tich
tu sén trong dat trong hay tir trong nudc tudi,
thudc trir su. Nghién ctru cho thdy ché d6 bon
phan hién tai ddi véi cay cai Pong Du ¢ dia
phuong khong giy nguy co tdi strc khoe do tich
tu NO3; tuy nhién ché d6 bon phan, tudi nude va
str dung thudc trir sau d lam gia tang tich tu kim
loai trong rau & murc d6 cao hon gidi han quy dinh.
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