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Tém tit

Nghién cieu nay nham ddnh gia anh huong cia ham luong chi (Pb) trong dat dén su
sinh trudng ciia cdy rau muong (Ipomoea aquatica) va kha nang hdp thu Pb tr dat lén cay.
Cady rau muong dgc trong trong cdc chdu dat thi nghiém trong 40 ngdy, bao gom mét nghiém
thirc doi chimg va sau nghiém thirc dat 6 nhiém Pb (85,6 — 1053,3 mg/kg). Sau 40 ngay, trong
leong ré tieoi, trong liegng théan 1d twoi, ham lwong chlorophyll a va chlorophyll b trong ld, va
ham lwong Pb trong than la da dwoc xac dinh. Két qud cho thay khi cdy dwoc trong trén dat 0
nhiém < 328,4 mg Pb/kg, cdy van sinh truéng va phdt trién binh thuong, trong lwong ré va
than la 1o, ham luong chlorophyll ava chlorophyll b trong ld déu khéng khdc biét thong ké
50 voi mau doi chirng. Khi cdy trong trén ddt 6 nhiém > 520,4 mg Pb/kg, trong lirong ré twroi,
trong lwong than 1a twoi, ham lirong chlorophyll a va chlorophyll b trong lé da giam dang ké
$0 v6i mdu doi chimg. Vé tich lity sinh hoc, khi cdy dwoc trong trén dat 6 nhiém Pb cang cao
thi ham hwong Pb tich liy trong than la cang lon. Ham lwong Pb trong than la tuoi duoc trong
& ddt nhiém Pb tir 1 48,3 - 1053,3 mg/kg da vuot 2 — 65 lan 8101 han lwong Pb cho phép trong
rau twoi ciia Bo Y té. Do dé, dit trong cdy rau muong can phdi dwoe kiém sodt vé ham hrong
Pb d@é dam bao an toan thire pham va sikc khée con ngieoi.
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Abstract

This research aimed to assess the effect of lead (Pb) concentration in soils on the growth
and development of water spinach (Ipomoea aquatica) and Pb accumulation in the plant.
Water spinach was cultivated in soil pots for 40 days, including one control treatment with
uncontaminated soil and six treatments with Pb-contaminated soils (85.6 - 1053.3 mg/kg).
After 40 days, fresh root and shoot weights were measured. Also, the content of chlorophyll a
and chlorophyll b in leaves, and Pb concentration in shoots were determined. The results
showed that when water spinach was cultivated in soils with Pb levels of up to 328.4 mg Pb/kg,
the fresh root and shoot weights, the contents of chlorophyll a and chlorophyll b in leaves
were statistically similar to those observed in the control treatment. However, in soils with Pb
concentrations of > 520.4 mg Pb/kg, the fresh root and shoot weights and the contents of
chlorophyll a and chlorophyll b significantly decreased compared to the control treatment.
For Pb uptake by the plant, the bioaccumulation of Pb in water spinach shoots increased with
increasing Pb concentrations in the soils. The Pb concentration in the edible parts of water
spinach harvested from soils contaminated with 148.3 - 1053.3 mg Pb/kg exceeded 2 - 65-fold
the maximum permissible level for Pb in fresh vegetables as regulated by the Ministry of
Health. Therefore, the Pb levels in soils cultivating water spinach must be controlled to ensure
food safety and protect human health.

Keywords: Lead (Pb), Water spinach (Ipomoea aquatica), Growth, Bioaccumulation.
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1. Gi6i thiéu

O Viét Nam, sy 6 nhiém kim loai da xuét hién mang tinh chat cuc bd trén nhiing dién tich
nhét dinh do tac dong ciia cac chét thai doc hai. Cac chét thai nay co nguodn goc tir cac hoat dong
cong nghiép cting nhu néng nghiép (L& & Thai, 2015). Su 6 nhiém Pb di gy ra nhitng 4nh hudng
xau to1 suc khoe ctia nguoi dan lang nghe Két qua diéu tra cho thiy 100% cong nhan tham gia
nau Pb va 63,5% tré em dia phuong bi nhiém doc Pb. Bén canh do, nguoi dan dia phuong con bi
mic cac loai bénh ngoai da, bénh vé mat,.... Nhiém Pb c6 thé dan dén v0 sinh, say thai, mic phai
cac roi loan vé than kinh, thiéu mau, dau dau, sung khép, chong mat. O tré em, chi s6 IQ s& khong
cao, doi khi c6 nhiing biéu hién rdi loan hanh vi (Phan & cs., 2016).

Mot khi Pb xam nhédp vao méi truong khong khi, dat, nude, thuc pham, ching c¢6 thé xam
nhdp vao co thé con nguoi chi yéu théng qua duong tiéu hoa va hd hép, dan dén su nhiém doc.
Dac t6 nay gdy anh huong truc tlep dén cac chu trinh sinh hoc trong ty nhién ¢ nong d6 nhat dinh,
di vao cdy trong qua bd phan ré, than va 14, rdi xam nhap vao dong vat va con ngudi, qua trinh nay
goi 1a chu trinh tich 1ily sinh hoc (L€ & Thai, 2015). Nghién ctru danh gia rui ro stre khoe con nguoi
do kim loai trong dat va cdy trong gin ving moé & Iran cho thiy ham luong Pb trong bd phén dn
duoc cua cay 6t, dua leo, cu cai, va cai xoong lan luot 13 50, 40 — 60, 90 — 210, 100 — 170 ug/ke,
vuot ham lugng Pb t6i da cho phép trong rau cai (Forghani Tehrani & cs., 2025). Nghién ctru anh
huong cuia ham lugng Pb dén strc khoe cong dong & Tanzania cho thay ham lugng Pb trong mau
bap cai va rau bina lan luot 14 0,621 va 0,412 mg/kg, vuot gidi han Pb cho phép cia WHO (Magesa
& cs., 2025). Do do, viéc nghién ctru anh huong cua Pb trong dét dén thuc vat tréng trén dat 6
nhiém Pb; tir 46 dé ra bién phap xir 1y dat 6 nhiém Pb, giam tac dong ctia nd tdi co thé con nguoi
1a vo cing can thiét.

Rau muong (Ipomoea aquatica) 1a cay an 1a quen thudce, c6 nhiéu cong dung, c6 gid tri dinh
dudng va kinh té cao, dugc trong phd bién & cac nudc Nam A va Pong Nam A. Ngay nay, rau
mudng tré thanh thuc pham rau xanh chinh yéu va duoc nhiéu ngudi tiéu dung wa chudng. Tuy
nhién, rau muéng & nhiéu noi & Viét Nam duge tré)ng gﬁn cac kénh rach —noi tiép nhén nudc thai
tir cac khu cong nghiép, cac co so san xuat doc theo luu vuc kénh. DAt lang kénh rach chira nhidu
thanh phan nguy hai va ¢ nguy co 6 nhidm kim loai cao. Ngoai ra, néng dan tham canh rau mudng
v6i mot cuong df cao nén lam dyung str dung phén bon va hoa chit bao vé thyc vat da va dang lam
tang nguy co 6 nhiém méi truong dat canh tac, ddc biét 1a nguy co t6n du kim loai trong dat, anh
hudng truc tiép dén chat luong cdy rau mudng (Lé & Thai, 2015; Marcussen & cs., 2008).

Céc nghién clru trong va ngoai nu6c cing da cho thay cdy rau mudng co6 kha nang tich lay
ham lugng 16n kim loai nang khi trong trong nude 6 nhidm kim loai. Ngoai ra, rau mudng ciing ¢6
kha nang hap thu luong 16n N va P trong nudc thai (Zhang & cs., 2014). Doc tinh cua Pb va kha
nang tich Iy Pb tur dat 6 nhiém 1én cay rau mudng van chua du'oc nghién ctru. Do do, cy rau
mubng dugc chon 1a di tuong quan trong dé thuc hién nghién ctru vé tich Ity sinh hoc.

Xuét phat tr co s¢ khoa hoc yél Qhu cau thuc té, nghién clru nay dugc thuc hién véi muc
tiéu xac dinh ddc tinh cua Pb trong dat dén sy sinh truong va tich Iy Pb tir dat 6 nhiem 1én cay rau
muong nham danh gia dung murc doc to Pb va kha nang tich Ity Pb 1€n cay rau muong. Tt d6, du
bao anh hudng ctia Pb dén strc khoé cong dong qua chu trinh thyc pham. K&t qua ctia nghién ctru
nay s€ lam nén tang cho cac nghién ctiru phuong phap xtr 1y dat 6 nhiem Pb ¢ giai doan tiép theo.

2. Phwong phap nghién ctru

2.1. Phuong phap chuin bi miu dit thi nghi¢m

Dit dugc ding trong thi nghiém 1a loai dat néng nghiép dugc lay tir vudn qua tai xa Nhon
Nghia, huyén Phong Dién, thanh pho Can Tho. Pat dugc lay ¢ tang dat mat 0-20 cm, loai bd xac
thuc vét, phoi kho, nghién va sang qua ray co kich ¢d 2 mm.
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Chuén bj dit 6 nhiém Pb:

Thi nghiém duoc bd tri voi mot mau ddi ching (DC) va sau nghiém thre dat 6 nhiém Pb.
Nghiém thirc ddi chimg (PC): dt 1iy tir vuon qua, nghlen min, khong bd sung Pb. Nghlem thirc
1 (NT1), 2 (NT2), 3 (NT3), 4 (NT4), 5 (NT5), 6 (NT6): dat lay tir vuron qua, nghién min, bo sung
vao dat véi ham lugng Pb?* ting dan.

Ham lugng Pb> thém véo bang cach hoa tan Pb(NOs), vao nude cat véi ham luong khac
nhau. Sau d6 phun dung dich Pb* twong g véi timg nghiém thirc rdi tron déu (luong nude khi
tron vao dat phai vira phai dé dat c6 do 4m thich hop). Pét sau khi dugc tron voi Pb, U trong vong
3 thang trudc khi tién hanh thi nghiém thir nghiém sinh hoc. Sau 3 thang, mot phan nho dat dugc
phoi khé trong khong khi, nghién, sang qua rdy 2 mm, bao quéan trong boc polyethylene dé phan
tich cac chi tiéu 1y hoa va ham luong Pb trong dét.

2.2. Thiét ké va thuc hién thir nghi¢m sinh hoc véi cdy rau mudng

Thi nghiém dugc b tri hoan toan ngau nhién trong nha kinh véi 03 lan lap lai cho mdi
nghiém thirc. Dt sau khi dwoc u 03 thang duoc tron voi chit dinh dudng theo ty 1€ 0,15 g N, 0,1
g P, va 0,04 g K cho 01 kg dat va dugc U trong 01 tudn. Sau do dit thi nghiém duoc db vao cac
chau (02 kg dat/chau) dé gieo hat rau muong, chon céc hat méi, chéc, khong bi hu hong, a am moc.
Sau 01 tudn, tién hanh tia lai cay, mdi chau con 08 cay khoe nhét.

Ché d6 anh sang va nhiét do trong diéu kién tu nhién; luong nude tudi vira du aé gitr cho
d6 4am dat khoang 70%; chat dinh dudng (N, P, K) cung cap cho cay voi ti 16 nhét dinh, dong déu
cho cac chéu thi nghiém dé cay phat tnen t6t va dat duoc san lugng tdi wu. Cac 16 thi nghiém véi
nong d6 chit 6 nhiém khéc nhau duoc tién hanh dong thoi. Thi nghi€m thir nghiém sinh hoc dugc
tién hanh trong 40 ngay. Sau 40 ngay tir lic niay mam, mau rau dugc thu hoach, rira sach, tich
riéng cac by phén cua cay (ré, than va 1a). Tién hanh x4c dinh c4c chi tiéu sinh hoc cta cay va ham
luong Pb trong than va 14 ciia ciy rau mudng.

2.3. Phuwong phap phéan tich
2.3.1. Phan tich tinh chit 1y — hoa ciia dat

pH ctia dét duoc xac dinh bing cach chiét mau dat voi nude theo ty 18 (1:5) (g dat/ mL nude
cét), sau d6 ly tm lay dich trong va do véi may do pH di duoc hiéu chun. Thanh phéan co gidi
dat dugc xac dinh bang phuong phap 6ng hit Robinson, theo tiéu chuan Viét Nam TCVN
8567:2010. Chét hitu co (OM) trong dat dugc xac dinh bang cach oxi hoa trong méi trudng
sunfocromic, theo tiéu chuan Viét Nam TCVN 6644:2000. Dam tong sb (N) trong dit duoc xéac
dinh bang phuong phap Kjeldahl, theo tiéu chuan Viét Nam TCVN 6498:1999. Lan tong s6 (P)
trong dat duoc xac dinh bang phuong phap so mau xanh molipden, theo ti€u chuén Viét Nam
TCVN 8940:2011. Chi (lead) tong s6 (Pb), sit (iron) tong s0 (Fe) va kali (potassium) téng s (K)
trong dét dugc xac dinh bang cach vo co hoéa mau dit bang hdn hop HNO; : HCI : HCIOs (1:3:1,
v/v), sau d6 ham lugng Pb, Fe, va K trong dung dich v6 co hoa dugc phan tich bang AAS
(Shimadzu AA-7000, Nhat Ban) (Azeem & cs., 2021).

2.3.2. Phan tich chi tiéu sinh hgc ciia ciy rau

Sau 40 ngay ké tir ltc ndy mam, mau rau mudng dugc thu hoach, rira sach, tach riéng cac
bo phan ctia cy (ré, than 14). Trong luong tuoi clia ré (WW, g), trong lugng tuoi cia than 14 (WW,
g) duoc xac dinh bang can phan tich KERN ABS 120-4N. Ham lugng chlorophyll a va chlorophyll
b trong 14 duoc xac dinh bang cach chiét mau voi dung dich acetone 80%, do hip thu cua dich
chiét dugc do & budc song 663 nm va 645 nm sir dung may UV-Vis (Jasco V-730, Nhat Ban)
(Irshad & cs., 2024; Pandey & cs., 2024). Ham lugng chlorophyll a va chlorophyll b trong 1a dugc
tinh theo cong thirc sau:
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[12,7(Ag63)-2,69(Agsas)1*V

Cholorophyll a (mg/g)= 1000*W
 [22,9(Ag45)-4,68(Ag63)]*V
Cholorophyll b (mg/g)= 1000*W

Trong do, Ases v Aes 1an lugt 12 d9 hap thu & céc bude song 663 nm va 645 nm; V 1a the
tich dich chiét (mL); W la khoi lugng ctia mau 14 tuoi (g).

2.3.3. Phan tich kim loai Pb trong ciy rau

N Mau rau sau khi dugc sdy kho & 70 °C trong 48 gidy, nghién min, tién hanh v6 co hoa bang
hon hgp HNOs: HCIOs (3:1, v/v). Ham luong Pb trong dung dich v6 co héa mau dugc phan tich
bang ICP-OES (PerkinElmer Optima 7300 DV, My) (Azeem & cs., 2021).

2.3.4. Kiém soat va dam bao chit luwong trong phén tich

Pé kiém soat va dam bao chat lugng trong phan tich, tat ca dung cu déu dugce rtra sach,
ngam trong dung dich HNO; 10% (v/v) trong 24 gi, 16i rira lai bang nudc cat. Mau tring, mau
lap, mau chudn thim tra, va mau thém chuén ludn duoc sir dung trong mdi mé phan tich. Hiéu suat
thu hdi Pb trong qua trinh phan tich dat > 90%.

2.3.5. Phwong phap xir Iy s6 liéu

S6 liéu cuia cac 14n Idp lai ctia ting chi tiéu theo ddi duoc tong hop va tinh toan gia tri trung
binh, d6 1éch chuin bang phan mém SPSS 22. Tit ca cac két qua duoc trinh bay dudi dang gia tri
trung binh £ d6 1éch chuan. Sir dung phan mém SPSS 22 dé phan tich théng ké, ding phwong phép
phén tich phuong sai mot yéu tb (ANOVA), kiém dinh Tukey, muc y nghia 5%.

3. Két qua va thao luin
3.1. Cac dic tinh 1y - héa ciia dat thi nghiém

Dé danh gia chat luong dat thi nghiém, mot sd chi tiéu 1y hoa co ban cua dat da duoc
phan tich. Két qua cho thiy pH ciia mau dét thi nghiém 1a 5,3 + 0,1. Nhin chung, mau dét c6
tinh acid nhe (chua nhe). Thong thudng céc loai dat c6 y nghia trong san xuit nong nghiép co
gia tri pH trong khoang 5,0 dén 9,0 (L& & cs. ,2000). Tur do, co thé thay dugc pH cua mau dat
thi nghiém van nam trong khoang pht hop dé trong trot. Ti 1é phan trim cap hat cta mau dat
nghién ctru 1a 37,15% sét, 39,07% thit va 23,24% cat. Dya vao tam giac két cAu dat cua T
chtre Nong luong Thé gidi, mﬁu dat thi nghiém thudc loai dat thit pha sét. Loai dt nay c6 kha
ning gitr dwoc nuwdc nén phu hop dé trong nhing cdy ua nude nhu rau mudng. Ham luong
chat hitu co ¢6 trong mau dat nghién ciru 1a 10,67%. Ham luong chat hitu co trung binh trong
dat 1a tir 2,2 — 4,3% (Tran, 2006). Vay co thé nodi ring mau dét nghién ciru rat giau chat hiru
co. Ham lugng N ¢6 trong mau dét phan tich 1a 0,24%. Dya vao TCVN 7373:2004, c6 thé biét
duogc rang voi %N trén thi mau dét thi nghiém c6 ham luong N trung binh. Phosphorus (P) 1a
nguyén t da lugng quan trong thtr hai dbi v6i doi sdng sinh vét sau N. Mau dét thi nghiém c6
ham luong P 14 0,27 + 0,04%. Ham luong P trung binh trong dat nong nghiép 1a 0,03% dén
0,2% (Lé & cs., 2000). Tir d6, co thé thiy dugc mau dat nghién ciru giau P. Ham lugng K
trong mau dat nghién ctru 1a 1,31 + 0,08%. Theo TCVN 7375:2004, mau dat nghién ctru giau
K . Ham lugng Fe tong ctia miu dat nghién ctru 1a 4,05 + 0, 12%. Theo L& & cs., (2000), ham
lugng Fe trung binh trong dét khoang 3,8%. Nhin chung, mau dat nghién ctru giau Fe. Vi
ham lugng Fe thich hop s& thic déy qua trinh van chuyén céac san pham ddng hoa tir 14 xudng
co quan duy trir, tao diéu kién thuan loi cho qua trinh quang hop (Tran, 2006).

Dit thi nghiém & cac nghiém thirc duoc chudn bi bang cach gay 6 nhiém Pb véi nong
d6 tir thap dén cao. Két qua phan tich ham lugng Pb thuc t€ trong cac mau dat thi nghiém dugc
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trinh bay trong Bang 1.

Bang 1. Ham hrgng Pb trong miu dét thi nghiém
(gia tri trung binh + d¢ léch chuén, n = 3)

Nghiém thire Ham lwgng chi (Pb) tong so

(mg/kg)

pC 26,0+0,7
NTI 85,6+ 0,4
NT2 148,3+ 1,9
NT3 328,4+3.5
NT4 520,4 + 13,1
NT5 805,9+ 11,8
NT6 1053,3 + 16,9

Két qua cho thiy mau d4t nén ding dé 1am thi nghiém c6 ham lugng Pb tong 14 26,0 +
0,7 (mg/kg). Theo QCVN 03-MT:2015/BTNMT, gi6i han cho phép ham luong Pb trong dat
n6ng nghiép 1a 70 (mg/kg). Nhu vay, co thé két luan ring mau dat dung dé ddi chung la dat
khong & nhidm, phu hop dé trong nhleu loai cdy nong nghiép phuc vu cho doi song. Day dat
6 nhiém 1am thi nghiém c6 khoang néng do Pb rong (85,6 — 1053,3 mg Pb/kg) va nim trong
khoang ndng d6 Pb thuong dugc tim thay trong cac loai dat 6 nhlém Pb ¢ Viét Nam va trén
thé gisi (Fang & cs., 2014; Pham & cs., 2016; Zulfigar & cs., 2019). Do dd, cac mau dat nay
pht hop dé khao sat anh huong cua Pb den su sinh trudng va phat trién clia cdy rau muéng va
su tich liiy Pb 1én cay rau muong.

3.2. Anh hwéng ciia ham lwgng Pb trong dit dén kha ning sinh truwéng cia cdy rau
muong

Rau mudng sau khi dugc gico hat va thu hoach sau 40 ngay (Hinh 1). Be khao sat anh
hudng ciia ham luong Pb trong dét 1én sy sinh trudng cta cdy rau muong ta tién hanh danh gia
cac chi tiéu sinh hoc co ban clia cAy nhu sau: trong luong ré tuoi, trong luong than 14 tuoi,
ham lugng chlorophyll a va chlorophyll b cta 1a.

Hinh 1. Rau mudng dwoc trong trén dit 6 nhiém Pb & cac nghiém thirc sau 40 ngay
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3.2.1. Anh hwéng cia ham lwong Pb trong dat dén trong lwong ré twoi ciia cdy rau
muong

RE cay la mét co quan sinh dudng cua thyuc vat, thuc hién cac chiic ndng chinh nhu bam
ciy vao long dét, hit nudc va khoang, ho hap dé cdy sinh trudng va phat trién. RE cy 1a mot
tiéu chi quan trong dé danh gia téc d6 va kha nang sinh trudng cia cay trong. Két qua khao
sat mirc d6 anh huong ciia Pb dén trong luong ré tuoi ctia cy rau mudng dugce trinh bay trong
Hinh 2.

35

b m

25 A

I

15 -I—

Trong hrgng reé twoi (g)

0 T T T T T T
26.0 85.6 1483 328.4 5204 8059 1053.3

Ham lrong Pb tong s6 trong dat (mg/kg)

Hinh 2. Trong lwong ré twoi ciia cAy rau mudng trong trén dt 6 nhiém Pb
6 cac nong do khac nhau (gia tri trung binh =+ d¢ léch chuan, n = 3)

Két qua ¢ Hinh 2 cho thay trong luong ré tuoi cua cay duoc trong trén dat khong 6
nhiém (bC)1a 28,7 g. Khi céy dugc trong trén dat 6 nhidm 85,6 — 148,3 mg Pb/kg, trong luong
tuoi cia ré ciing dat khoang 28,4 — 29,3 g, khong khéc biét thong ké & mirc y nghia 5% so voi
trong lugng tuoi cia ré ciy tréng trén dét DC. Khi cay dugc trong trén dat chira 328,4 — 520,4
mg Pb/kg, trong luong tuoi cia ré d bét dau chiu sy anh hudng cia doc tinh Pb, trong luong
re tuoi giam con 21 — 23 g. Khi céy dugce trong trén dt c6 ham lugng Pb ting 1én 805,9 mg/kg
thi trong lugng ré twoi cia cdy giam dang ké, con 15,6 g, khac biét c6 y nghia thong ké so véi
mau ddi chung (p <0,05). Trong lugng r€ tuoi cua cay trong trén dat & ham luong 1053,3 mg
Pb/kg c6 gia tri thap nhat, chi c6 14,5 g, giam khoang 2 1an so véi trong luong ré & mau ddi
chimg. Piéu d6 chimg to rang ham luong Pb trong dat ting qua timg nghiém thirc da anh
huong dén trong lugng tuoi cia ré cdy rau mudng.

Két qua nay phu hop véi két qua khao sat anh huong cua doc td Pb dén sinh trudng cua
thuc vat trong cac nghién ctru trudc day. Pham & cs. (2016) nghién ciru anh huong cua Pb
trong dat (145 — 3000 mg/kg) dén sy sinh trudng cia cdy lu lu duc va da bao cdo rang trong
lwong cua cdy giam dan khi ham luong Pb ting dan. Pham & cs. (2018) cung da két luan rang
ham luong Pb trong dit tang thi sinh khéi ctia cdy c6 man triu cang giam xudng. Huang & cs.
(2019) nghién ctru anh huong cua Pb (0 — 1500 mg Pb/kg) dén sinh truong cta cay rau dén va
da cong bd rang khi cy tiép xtic v6i dat 6 nhiém 1000 mg Pb/kg thi trong luong twoi ciia ré
giam khoang 22% so véi ré & mau dbi chimg khong 6 nhiém Pb.
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3.2.2. Anh hwong cia ham heong Pb trong ddt dén trong lwong than 1 tioi ciia cdy
rau muong

Trong qua trinh song, cay hap thu cac chat dinh dudng tir moi trudng, quang hop tong
hop nén cac chat can thiét cho co thé. V& mat sinh trudng, trong luong tuoi cia than 14 cling
1a mot chi tiéu quan trong dé danh gia su tic dong cua cac ham luong Pb khac nhau dén sy
sinh truong cua cay. Anh huéng cta ham lugng Pb trong dat dén trong lugng than 14 twoi cia
cay rau muong duogc trinh bay & Hinh 3.
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Hinh 3. Trong lwong than 14 twoi ciia cAy rau mudng trong trén dt 6 nhiém Pb
6 cac nong do khac nhau (gia tri trung binh =+ d¢ léch chuan, n = 3)

Két qua ¢ Hinh 3 cho thiy trong luong than 14 tuoi ctia cdy rau thu dugc ¢ mau dat doi
ching khong 6 nhiém 1a 124,3 g. Khi cdy rau trong trén dat 6 nhiém Pb ting 1én dan (85,6 —
148,3 mg Pb/kg), trong luong than 14 twoi khong doi, khong khac biét thong ké so véi trong
luong than 14 tuoi thu duoc ¢ mau dbi ching. Didu nay chimg t6 cy c6 kha ning chiu dung
Pb trong khoang nong do nay. Khi ciy trong trén dat 6 nhidm c6 ham luong Pb cao hon (328,4
mg/kg), trong luong than 14 tuoi bat dau giam, con 119,5 g. Khi cay dugc trong trén dat c6
ham luong ting dén 520,4 mg Pb/kg dat, trong lwong tuoi than 14 da giam déng ké, thap hon
1,2 1an so véi trong lugng than 14 tuoi khi duge trong trén dat khong 6 nhiém Pb. Khi ciy duoc
trong trén dat c6 ham lwong Pb ting 1én dan (805,9 - 1053,3 mg Pb/kg), trong luong than 14
tuoi tiép tuc giam dan dang keé, su khac biét co y nghia thong ké (p < 0,05) & timg nghiém
thirc. Trong lugng than 14 tuoi ¢ nghiém thirc 1053,3 mg Pb/kg dugc quan sat 1 thap nhat
(60,4 g) trong tat ca cac nghiém thirc, khac biét thong ké so v6i tat ca cac nghiém thic con lai
(p <0,05).

Su giam trong luong than 14 twoi clia cdy rau mudng dang ké khi cay tiép xuc voi dat c6
ham luong Pb ting dan ciing twong déng v6i két qua cia cac nghién clu trudce day.
Chandrasekhar va Ray (2019) bao cao rang sinh khdi cia cay diép ha chéu cling giam dang ké
khi cay dugc trong trén dat 6 nhiém Pb tang dan. Trong nghién ctru vé anh huéng clia Pb trong
dat dén sinh truéng ciia cay rau dén (Huang & cs., 2019), tac gia cling quan sat dugc trong
lugng tuoi than cdy rau dén ciing giam dan theo chleu tang dan ciia ham lugng Pb trong dat,
dic biét & mau dat 6 nhiém 1000 mg Pb/kg, trong lwong tuoi than cay da bat dau giam dang
ké so voi mau d6i chimg. Két qua thi nghiém & Hinh 2 va 3 cho thay sinh khdi cuia cdy tap
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trung chu yéu & phan trén mat dat (phan than va 14). Piéu nay phu hop véi nghién ciru cua tac
gia Pham & cs. (2018).

o323 Anh huong ciia ham heong Pb trong dat dén ham lwong chlorophyll ciia cdy rau
muong

Diép luc c6 vai tro bac nhat ddi voi quang hop. Ham lugng diép luc trong la quyét dinh
truc tlep dén hiéu suit quang hop, tir d6 anh huong dén sinh truong, phat trién va nang suét
cdy trong. Anh huong ctia ham luong Pb trong dat dén ham lugng chlorophyll a va chlorophyll
b ctia 14 rau mudng dugc trinh bay trong Hinh 4.
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Hinh 4. Ham lwong chlorophyll a (a) va chlorophyll b (b) ciia 14 cAy rau mudng trong
trén dat 6 nhiém Pb é cac nong do khac nhau (gia tri trung binh + d¢ léch chuan, n =3)
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Két qua & Hinh 4a cho thiy ham luong chlorophyll a trong 14 giam khi cay duoc trong
trén dat c6 ham luong Pb ting dan. O mau dat d6i chung (26,0 mg Pb/kg), ham lwong
chlorophyll a dat gié tri cao nhat (0,57 mg/g). O céac ‘nghiém thire 85,6 mg Pb/kg dén 328,4 mg
Pb/kg, ham lugng chlorophyll a khong khac biét thong ké so v61 ham lugng chlorophyll a cua
1a cay khi duoc trong trén mau dat doi chimg. Khi ciy duoc trong trén dat 6 ham luong Pb
tang 1én 520,4 mg/kg thi ham luong chlorophyll a gidm manh, chi con 0,39 mg/g, giam 31%
s0 voi mau déi chimg, sy khac biét nay c6 y nghia thdng ké (p < 0,05). Khi ham luong Pb
trong dat ting 1én (805,9 — 1053,3 mg/kg), ham luong chlorophyll a cta 1a khoang 0,41 mg/g,
khong khac biét thong ké so véi miu 14 & nghiém thirc 520,4 mg/kg.

Ham lugng chlorophyll b cua la ¢ cac nghiém thirc thi nghiém (Hinh 4b) ciing c6 xu
huéng tuong ty nhu ham luong chlorophyll a. Cu thé, 0 mau dét d6i chimg (26,0 mg Pb/kg),
ham lugng chlorophyll b ciia 14 13 0,49 mg/g. Khi ciy trong trén dat ¢6 ham lugng Pb tang dén
328,4 mg/kg thi ham lugng chlorophyll b cling khong thay d6i. Nhung khi cay trong trén dat
6 520,4 — 805,9 mg Pb/kg thi ham lugng chlorophyll b giam dang ké, con 0,32 mg/g, giam
khoang 35% so v6i mau doi chimg, su khac biét nay ¢ ¥ nghia thong ké (p <0,05). Khi ham
luong Pb trong dat ting dén 1053,3 mg/kg thi ham lwong chlorophyll b tiép tuc giam con 0,29

mg/g.

C6 thé thay rang cdy rau mudng trong trén dat 6 nhiém > 520,4 mg Pb/kg thi ham luong
chlorophyll cua 14 giam dang ké so véi mau dbi ching. Két qua nay ciing trung voi két qua
trong luong ré twoi va trong luong than 1a tuoi, chiing ciing giam déng ké & cac nghiém thirc
dat 6 nhiém > 520,4 mg Pb/kg. Diéu nay c6 thé 1y giai rang ham luong Pb trong dit ting dan
qua timg nghiém thirc d anh huong dén ham luong chlorophyll ciia 14 cdy rau mudng. Ion
Pb2* va Mg ¢6 hoa tri bang nhau trong cdu tao ciia phan tir diép luc nén Pb>* dé dang thay
thé vao vi tri ctia Mg?" trong c4u tao phan tir diép luc (Hoang & Tran, 2021). Mg 1a thanh phan
v cling quan trong trong phén tir diép luc, ham luong Mg cua diép luc chiém khoang 10%
trong 1a. Cay thiéu Mg thuong gay ra cac bénh vang 14, hién tugng vang 14 do thiéu diép luc,
xudt hién vang 1 tir 14 dudi dén 14 trén vi Mg 1a nguyén t6 linh dong (Hoang & Tran, 2021).
Vi vay ta c6 thé két luan rang khi Mg?" bi loai ra khoi diép luc thi diép luc mat kha ning quang
hop, chlorophyll giam, trao ddi chat kém din dén sinh khdi cay giam.

Két qua khao sat anh hudng ciia ham luong Pb trong dat dén ham lugng chlorophyll
trong 14 ciy rau mudng 1a phu hop véi két qua cua cac nghién ctu trude day. Huang & cs
(2019) nghién ctru anh hudng cia Pb va Cd dén kha ning quang hop cua cay rau dén. Két qua
cuia nghién ctru ndy cting cho thay khi cdy rau den dugc trong trén dat c6 ham luong Pb va Cd
tang dan thi ham luong chlorophyll giam déan rit dang ké so voi mau ddi chimg. Mot nghién
ctru khéc ciia Pandey & cs (2024) vé anh hudng ctia than sinh hoc dén kha nang lam giam doc
tinh cta Cd 1én cay cai bo x6i ciing cho thay khi cay phoi nhiém véi dat c6 ham lwong Cd ting
dan thi ham lugng chlorophyll a, chlorophyll b va chlorophyll tong ciing giam dan déng ké so
v6i mau ddi chimg.

3.3. Anh huwéng ciia ham lwong Pb trong dat dén s tich liiy Pb trong than 14 ciia
ciy rau mudng

Dé danh gia kha nang tich lity Pb ctia cdy rau mudng & mdi nghiém thirc va danh gié rui
ro dén strc khoe con nguoi, phin than 14 (bo phan an dugc cta cay rau) duoc tach 14y, rira sach,
sdy kho, sau d6 phan tich ham luong Pb trong than 14. Két qua phan tich ham lugng Pb trong
than 14 ctia cdy rau mudng dugc trinh bay trong Hinh 5.
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Hinh 5. Ham lwong Pb tich liiy trong than l4 ciia cAy rau mudng trong trén dit
0 nhiém Pb & cac nong do khac nhau (gia tri trung binh + d¢ l1éch chuan, n = 3)

Két qua 6 Hinh 5 cho thiy ham luong Pb tich Iy trong thén la tang dan voi ham luong
Pb trong dat & cac nghiém thirc. Cu thé, ciy trong trén mau dat ddi chimg (PC) v6i ham luong
Pb tong (26,0 mg/kg) 6 ham lugng Pb trong than 14 kho 1a 0,75 mg/kg. Khi céy duoc trong
trén dat 6 nhidm 85,6 mg Pb/kg, lugng Pb tich lity trong than 14 kho cua cay 1a 1,39 mg/kg,
tang 1,85 1an so véi lugng Pb trong than rau & mau DC, sy khac biét c6 y nghia théng ké (p<
0,05). Khi cay tiép xuc voi dat 6 nhiém 148,3 mg Pb/kg, ham luong Pb trong dat ting khoang
5 1an so véi lwgng Pb & mau dat DC thi than 14 kho ciia cay tich lity 3,94 mg/kg, gap khoang
5 1an so voi lugng Pb trong than rau & mau DC. Ham lugng Pb tich liy trong than 14 twoi &
nghiém thirc nay da bét du vuot khoang 2 1an gi6i han Pb cho phep trong rau an 14 (khong
bao gom rau bina) (0,3 mg/kg rau tuoi) cua BO Y té (QCVN 8-2:201 I/BYT). Tuong tu, khi
cay duoc trong trén dat 6 nhiém tang 1én 328,4 mg Pb/kg, lugng Pb trong dat ting khoang 12
lan so véi mau DC, thi lugng Pb tich liy trong than 14 kho 1a 8,54 mg/kg, tang khoang 11-12
lan so voi mau rau ¢ nhiém thirc BC. Ham luong Pb trong than 14 twoi trong & nghiém thirc
nay vuot khoang 3,9 1an gi6i han Pb cho phép trong rau twoi. Tuy nhién, khi cdy duoc trong
trén dat 6 nhiém tang 1én dén 520,4 mg Pb/kg, ting khoang 20 lan lugng Pb trong dat DC, thi
ham lugng Pb trong than 14 kho 1a 32,74 mg/kg. Ham lugng Pb tich lily trong than 14 kho tang
dén khoang 43 1an lugng Pb trong than 1a & mau DC. Ham lugng Pb tich Iy trong thén la tuoi
¢ nghiém thirc nay da vuot khoang 17 lan gi6i han Pb tdi da cho phép trong rau tuoi. Khi cay
rau mudng phoi nhidm dét c6 ham luong Pb tir 805,9 — 1053,3 mg/kg thi than 14 kho cua cay
tich Iy Pb ting vot, dat 51,20 — 86,93 mg/kg, gip khoang 68 — 116 1an so véi luong Pb trong
than 14 thu dugc & mau PC. Ham lugng Pb tich Iily trong than 14 twoi & cac nghiém thirc nay
da vuot khoang 32 - 65 1an gidi han Pb tdi da cho phép trong rau tuoi.

Két qua ciing cho thiy ring ham lugng Pb trong than 14 cua cay rau muéng cd mdi twong
quan chit ché véi ham lugng Pb trong dat (R? = 0,9628) (Hinh 6). C6 thé thay rang khi ham
lugng Pb trong dét cang 16n thi luong Pb tich iy ¢ than la cua céy rau mudng cang 1on. Didu
nay phu hop vdi cac nghién ciru trude day vé tich liy kim loai trong thuc vat. L& & cs. (2014)
nghién ctru su tich lity Pb tir dat 1én cAy rau bo xoi trong trén dat 6 nhiém Pb (70 — 1000 mg
Pb/kg dat), két qua cho thay ham luong Pb trong than rau bé x6i tang dan (0,12 — 1,98 mg/kg
rau tuoi). Bui & cs. (2016) nghién ctru vé kha ning tich liiy Pb cua cy ca chua, tac gia da bao
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céo rang ham lugng Pb trong dt ting tir 70 dén 210 mg/kg thi lugng Pb tich lity trong than
ciy ca chua tang tir 0,26 dén 2,32 mg/kg. Huang & cs. (2019) khéo sat su tich lily Pb cia cay
rau dén tréng trén dat (200 — 1500 mg Pb/kg), két qua cho thdy ham lugng Pb trong than 14
clia cdy rau dén ting dan (120 — 210 mg/kg).

~ 100
&
P—P 90 . %
2 g0 y=0.0867x - 11.71
z 704 R2=0.9628
(1
£ 60 A
2’
S 50 A
E 40 -
gﬂ 30 A1
& 20 -
E 10 -
=] 0 L] T T T T T
0 200 400 600 800 1000 1200

Ham lrong Pb téng sé trong dat (mg/kg)

Hinh 6. Méi twong quan giira ham lweng Pb trong than 14 ciia cAy rau mudng
va ham lwgng Pb trong dat

C6 thé thy rang ham lugng Pb trong dat, ham luong Pb tich lily trong than 14 cua ciy,
va céc chi tiéu sinh hoc cua cdy trong c6 mdi twong quan chit chd véi nhau. Thong thuong,
khi néng d6 ctia mot kim loai trong dat khong cao hon gia tri tdi han chéng chiu cua thuc vat
thi khong anh hudng dén kha ning ting truong. Vi vy, sinh khéi trén mat dat ctia thuc vat s&
khong giam. M6t khi nong do kim loai trong dit vuot gia tri toi han thi su ting trudng cua
thuc vat s& bi rc ché va biéu hién ra trang thai bén ngoai nhu vang 14, giam sinh khdi, giam
kha ning quang hop ciia cdy trong (Nagajyoti & cs., 2010; Ngo, 2012). Do dé, trong luong
cay va cholorophyll cua la cling bi anh hudng boi ham lugng Pb tich lity trong cdy. Cu thé,
khi cdy rau mudng trong trén dit 6 nhidm 1483 — 328,4 mg Pb/kg, ham lugng Pb tich lay
trong than la tuoi vuot gioi han Pb cho phep trong rau tuoi cia Bo Y té. Tuy nhién, cdy van
sinh truéng va phat trién tot nhu cay trong & mau dat DC, trong luong than 1a va ham luong
chlorophyll cuia 14 ciing khong khac biét thong ké so voi miu thu duoc ¢ nghiém thic DC
(xem phén 3.2). Didu nay chimg t6 cdy rau mudng c6 kha ning chiu dung & khoang ndng do
nay ctia Pb trong dat. Do d0, xét vé hinh thai ciing nhu anh hudng ciia Pb dén sy phat trién cta
cdy, chiing ta kho c6 thé phan biét cay trdng trén dit khong 6 nhiém Pb (DC) va ciy trdng trén
dat 6 nhiém c6 ham lugng < 328.4 mg Pb/kg dat. Khi cay trong trén dat 6 nhiém Pb cao hon,
> 520,4 mg Pb/kg, thi ham luong Pb tich lity trong than 14 kho tang déng ké so voi mau PC,
> 43 1an luong Pb trong than 14 khoé & mau DC. Ham luong Pb tich liy trong than 14 twoi vuot
hon 17 1an ham luong Pb téi da cho phép trong rau tuoi. Lic nay, cac chi tiéu sinh hoc cua
cdy rau mubng di bit dau bi anh hudng; trong lugng than 1a, ham lugng chlorophyll a va
chlorophyll b trong 14 giam c6 ¥ nghia thong ké so véi miu PC (xem phan 3.2). Pidu nay
chimg t6 Pb anh hudng dén sy phat trién ciing nhu sinh khdi cua cdy rau mudng & dét c6 ham
luong Pb cao (> 520,4 mg Pb/kg dt).

4. Két luan

Nghién ctru nay da dat duoc cac muc ti€u dé ra la danh gia doc tinh cua Pb 1€n ciy rau
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mudng va kha nang hap thu va tich Ity Pb tur dat 1én cdy rau mudng. Két qua ciia nghién ctru
nay cho thay khi cay rau mudng duoc trong trén dat ¢ ham lugng Pb nho hon 328,4 mg/kg,
trong lugng tuoi cua 1é, trong luong tuoi cua than la, ham lugng chlorophyll a va chlorophyll
b cta l4 déu khong khac biét thong ké so v6i sinh khéi ciia cay rau mudng va chlorophyll cla
14 cay khi dugc trong trén mau dat khong 6 nhidm (d6i chtng). Tuy nhién, khi cay dugc trong
trén dat c6 ham lugng Pb tong > 520,4 mg/kg, su phat trién cua cdy va ham luong chlorophyll
cua la cay da bat dau suy giam do anh huong doc t6 cua Pb. Két qua ciing cho thay khi ciy rau
mudng duoc trong trén dat c6 ham lugng Pb ting dan (148,3 — 1053,3 mg Pb/kg dat) thi ham
lugng Pb tich liy trong phan an duoc (than 14) cang tang (1,39 — 86,93 mg Pb/kg than 14 kho).

Piéu dang chu y 1a ngay ca khi cay rau muong duoc trong trén dat 6 nhiém Pb rat thap (148.3
mg Pb/kg dat —328,4 mg Pb/kg dat), ham luong Pb tich lily trong than 14 twoi (phan dn dugc)
cao gap khoang 2 — 3,9 lan so véi gi61 han ham luong Pb cho phép trong rau tuoi ciia B Y té,

nhung ciy rau mudng khong c6 biéu hién doc tinh, van sinh truong va phat trién tét nhu cay
trong trén dat khong 6 nhiém. Do d6, ham luong Pb trong dat néng nghiép, dic biét 1a cho
muc dich trong cdy rau mudng, can phai dugc kiém soat dé dam bao an toan thuc phim va sirc
khée con nguoi.
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