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LOI CAM DOAN

T6i xin cam doan ddy 13 cong trinh nghién ctru cua riéng tdi, cac két qua nghién
ctru duoc trinh bay trong luan an 1a trung thuc, khach quan va chua ting ding dé bao vé
lay bat ky hoc vi nao.

Téi xin cam doan céc thong tin trich dan trong luan 4n ndy déu duoc chi rd ngudn
gbc. Céac két qua cua luan an di dugc tac gia cong bd khoa hoc trén tap chi chuyén
nganh véi sy dong y cua dong tac gia, phu hop véi cac quy dinh hién hanh. Viéc st
dung cac nguon thong tin, sé liéu nay chi phuc vu cho muc dich nghién ctu, hoc thuat.

Ha Ngi, ngay .... thang .... nam 2024

Té&c gia luan an
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Nguyén Thi Giang



LOI CAM ON

Trong sudt thoi gian hoc tap, nghién ciu va hoan thanh luan 4n, toi da nhan dwgc
su hudng dan, chi bao tan tinh cua thay ¢ gido, su gitp d&, dong vién cua ban bé, dong
nghiép va gia dinh.

Nhan dip hoan thanh luan 4n, cho phép t6i dugc bay to long kinh trong va biét
on sau sac PGS.TS. Nguyén Vin Dung, Hoc vién Nong nghiép Viét Nam va PGS.TS.
Nguyén Thi Hang Nga, Truong Dai hoc Thiy loi da tan tinh hudng dan, danh nhiéu
cdng suc, thoi gian va tao diéu kién cho tdi trong suét qua trinh hoc tap va thuc hién dé
tai.

T6i xin bay to 1ong biét on chan thanh toi Ban Giam dc, Ban Quan 1y dio tao,
Ban Chu nhiém Khoa, B6 mén Quan ly Tai nguyén - Khoa Tai nguyén va Méi truong -
Hoc vién Nong nghiép Viét Nam da tan tinh giup do tbi trong qué trinh hoc tap, thuc
hién dé tai va hoan thanh luan an.

T6i xin tran trong cam on ti PGS.TS. Nguyén Thi Hang Nga - Chu nhiém dé tai
nghién ctu khoa hoc cap Bo, ma s6 HP 89-2019/KHCN-BNN “Nghién citu co s khoa
hoc xay dung bé thdng sé chdt lwong nuée trdi cho mét sé logi cay trong chinh lda,
ngé, dau twong, lac va rau” da cho t6i duoc tham gia va ké thira mot phan sé liéu cua
dé tai.

Xin chan thanh cam on gia dinh, nguoi than, ban be, dong nghiép da tao diéu kién
thuan loi va gitip d& toi vé moi mit, dong vién khuyén khich tdi hoan thanh luan an./.

Ha Ngi, ngay ...... thang ...... nam 2024
Nghién ciru sinh
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TRICH YEU LUAN AN

Ho tén NCS: Nguyén Thi Giang

Tén luan an: “Nghién ctru co s¢ khoa hoc xac dinh ham lugng téi da cho phép ciia mot
s6 kim loai ning trong nudc tudi cho rau an 14”.

Nganh: K thuat Tai nguyén nudc; M4 s: 9 58 02 12

Tén co so dao tao: Hoc vién Nong nghiép Viét Nam

Muc dich nghién ciru cia luan an

- Xac dinh gioi han ham lugng KLN (Cu, Pb, Cd) trong nudc tudi phuc vu san
XUAt rau an 14 an toan trong trén dat phu sa sdng Hong.

- Bé xuat dugc giai phap han ché tich lity KLN trong rau an 14 dbi vai céc ving 6
nhiém KLN trong nudc tudi tir cac ngudn vat liéu san cé trong tu nhién.

Phwong phap nghién ctru

(1) Thu thap cac tai liéu lién quan dén dién bién chat luong nudc, cac tai liéu, sb
liéu vé thuc trang san xuét rau.

(2) Bb tri cac thi nghiém vé& anh huong cua Cu, Pb, Cd trong nudc tudi dén cai
xanh, xa lach, mong toi trong nha ludi va ngoai dong rudng.

(3) Str dung md hinh hdi quy Tobit dé xac dinh gigi han téi da cho phép cua Cu,
Pb, Cd trong nudc tudi cho cai xanh, xa lach va mdong toi. Dya trén muc t6i da cua kim
loai nay trong rau an 1a theo QCVN 8-2:2011/BYT va Qb 106/2007/QD-BNN.

(4) Pénh gié rai ro vé stc khoe tiém an cua viéc tiéu thy KLN qua rau, dugc phan
tich dua trén lugng KLN tiéu thy hang ngay (DIM) chi sé rui ro sic khoe (HRI) va chi
s6 nguy co muc tieu (THQ).

(5) B4 tri thi nghiém giai phap giam thiéu tich lity tich lity Pb, Cd cho cai xanh, xa
lach va mdng toi bang vat liéu ty nhién (zeolite, than sinh hoc va rom u).

Két qua chinh va két luan

(1) Nude tudi tai mot sé hé thng thay loi dién hinh ving ddng bang séng Hong
(Bic Hung Hai, S6ng Nhué va Bic Pubng) dwoc luan an phan tich trong mua khd nam
2020 va 2021 cho két qua ham luong Cu gap 1,5 - 1,7 lan, Pb vuot tir 2,4 - 4 lan va Cd
cao gip 4 - 7 lan GHCP theo QCVN 08-2015/BTNMT va QCVN 08-2023/BTNMT.
Tich lity Cu, Cd trong rau cai xanh, xa lach va mong toi hau hét con ¢ trong GHCP theo
TCVN. Tich liiy Pb trong rau cai xanh va xa lach & mét sé vi tri ldy mau da vuot GHCP,
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dao dong lan luot 12 0,31 - 0,35 mg/kg va 0,33 - 0,41 mg/kg. Mong toi trong diéu kién
nghién ciru caa luan an chua phat hién thiy tich lily Cu, Pb, Cd vugt GHCP.

(2) Trong diéu kién thi nghiém va thuc hién nghién ctu cua luan &n, nude tudi cd
ham luong Cu (0,5 - 1,6ppm); Pb (0,1 — 2ppm) va Cd (0,5ppm) 1am ting ning suét cua
cai xanh, xa lach va mdng toi. Ham lugng Cu trong nudc tudi vt 1,6ppm; Pb 16n hon
2ppm va Cd vuot qua 0,5ppm lam giam ning sudt cua ca 3 loai rau. Ham luong Cu
trong 3 loai rau dugc tudi nudc nhim Cu tir 0,2 - 2,0ppm nam trong giGi han cho phép
theo TCVN. Ham lugng Pb vuot 0,5ppm va Cd vuot 0,1ppm trong nudc tudi da giy ra
hién tugng tich lily Pb va Cd vuot GHCP. Ham luong Cu va Pb trong dat s& vuot gidi
han cho phép sau 1,9 - 15,7 nam va 5,5 - 18,6 ndm néu tudi nudc c6 ham luong Cu va Pb
tuong dwong trong thi nghiém. Ham lugng Cd trong nudc tudi tir 0,5 - 1,0ppm c6 thé tich
lity trong dat vuot GHCP ngay tir vy dau.

Trong diéu kién thi nghiém cua luan an, cai xanh, xa lach va mong toi sir dung nuéc
tudi tir song Cau Bay (thuoc HTTL Bac Hung Hai) bj 6 nhiém c6 ning suét va tich liy
Cu, Pb, Cd cao hon trudng hop ding nudc giéng dé tudi. Tich lity Cu trong rau (6,65 -
8,99mg/kg rau khd) nam trong GHCP; Pb (0,56 - 0,79mg/kg rau khé) va Cd (0,25 -
0,28mg/kg rau kho) vuot GHCP theo TCVN.

Két qua nghién ctiu caa luan an cho thay ham lwong Cu tdi da cho phép trong nudc
tudi tir 3,3 - 9,04ppm (cai xanh); tir 2,95 - 7,53ppm (xa l4ch) va tir 3,52 - 9,33ppm (mdng
toi) twong tng véi ham luong Cu tdi da trong dat theo TCVN 1a 100mg/kg. Ham luong Pb
t6i da cho phép tir 0,04 - 0,65ppm (cai xanh) twong Gng vSi ham lugng Pb trong dét trong
ban dau dao dong tir 17 xudng 1mg/kg; 0,05 - 0,9ppm (xa lach) twong wng véi ham luong
Pb trong dat trong ban dau tir 7 xuéng 1mg/kg; 0,06 - 0,93ppm (Mdng toi) trong wng Voi
ham lugng Pb trong dit trong ban dau dao dong tir 10 xuéng 1mg/kg. Ham luong Cd ti da
cho phép tir 0,08 - 0,14ppm (cai xanh); 0,1 - 0,12ppm (xa lach) va tir 0,05 - 0,18ppm (Mdng
toi) trong tng v6i ham lwong Cd trong dat trong ban dau dao dong tir 0,1 - 1,5mg/kg.

(3) Trong pham vi nghién ctru luan an, st dung khoang sét zeolite, than sinh hoc
va rom u lam giam ham luong Pb, Cd dé tiéu trong dat va trong rau cai xanh, xa lach,
mong toi trong trén nén dat phi sa séng Hong. B sung 3% ham luong zeolite cho hiéu
qua cao nhét trong diéu kién thuc hién thi nghiém, giam ham lugng Pb va Cd dé tiéu
trong dat twong Gng tir 46,7% - 68% & vu dau tién va hiéu qua giam dan khi ham luong
KLN nay tich lity trong dat ting 1én. Giam tich lily trong rau véi Pb tir 69,72 - 72,61%
va Cd tir 59,09 - 60,94%. Giam ham lugng Pb dé tiéu trong dat tir 16,61 - 22,87%, Cd
tir 20,83 - 32%, Pb trong rau tir 35,32 - 42,32% va Cd tir 43,75 - 48,61% khi bo sung
5% than sinh hoc va rom 1.
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PhD candidate: Nguyen Thi Giang

Thesis title: The scientific basic research on defining the limitation of acceptance of
maximizing heavy metal content in irrigation water to leafy vegetables.

Major: Water Resources Engineering Code: 9 58 02 12
Educational organization: Vietnam National University of Agriculture (VNUA).
Study objectives

- Determine the limit of heavy metal content (Cu, Pb, Cd) in irrigation water for
the production of safe leafy vegetables grown on Red River alluvial soil.

- Propose solutions to limit the accumulation of heavy metals in leafy vegetables for
areas polluted with heavy metals in irrigation water from naturally available materials.

Study methods

(1) Collect documents related to water quality developments, documents and data
on the current status of vegetable production.

(2) Arrange experiments on the effects of Cu, Pb, and Cd in irrigation water on
Brassica juncea L., Lactuca sativa and Basella alba L. in the greenhouse and in the field.

(3) Use the Tobit regression model to determine the maximum allowable limits of
Cu, Pb, and Cd in irrigation water for Brassica juncea L., Lactuca sativa and Basella
alba L. Based on the maximum level of this metal in leafy vegetables according to
QCVN 8-2:2011/BYT and Decision 106/2007/QD-BNN (Vietnam).

(4) Based on the experimental results to evaluate the potential health risks of
consuming heavy metals through vegetables, analyzed based on the amount of heavy
metals consumed daily (DIM) health risk index (HRI) and target hazard index (THQ).

(5) Arrange experimental solutions to reduce the accumulation of Pb and Cd for
Brassica juncea L., Lactuca sativa and Basella alba L. using natural materials (zeolite,
biochar and straw manure).

Main results and conclusions

(1) Irrigation water in some typical irrigation systems in the Red River Delta (Bac
Hung Hai, Song Nhue and Bac Duong) was analyzed by the thesis in the dry season of
2020 and 2021, with results showing that Cu content was 1.5 - 1.7 times higher, Pb
exceeded 2.4 - 4 times and Cd was 4 - 7 times higher than the permissible limit according
to QCVN 08-2015/BTNMT. With samples collected by this thesis indicated that
accumulation of Cu and Cd in Brassica juncea L., Lactuca sativa and Basella alba L. are
all within the allowable limits according to TCVN. Pb accumulation of some samples of
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Brassica juncea L. and Lactuca sativa could be father limit, ranging from 0.31 - 0.35
mg/kg and 0.33 - 0.41 mg/kg, respectively. Basella alba L. does not accumulate Cu, Pb,
and Cd beyond the allowed limit.

(2) Under experimental conditions, irrigation water containing Cu (0.5 - 1.6 ppm);
Pb (0.1 — 2ppm) and Cd (0.5ppm) increased the yield of Brassica juncea L., Lactuca
sativa and Basella alba L. Cu content in irrigation water exceeding 1.6 ppm; Pb greater
than 2ppm and Cd exceeding 0.5ppm reduced the yield of all 3 types of vegetables. Cu
content in 3 types of vegetables irrigated with Cu-contaminated water from 0.2 - 2.0ppm
was within the allowable limit according to TCVN. Pb content exceeding 0.5ppm and Cd
exceeding 0.1ppm in irrigation water caused Pb and Cd accumulation exceeding the
permissible limit. After 3 consecutive experimental crops, the soil irrigated with Cu-
contaminated water (0.2 - 2.0ppm), Pb (0.1 - 4.0ppm) was still not contaminated with Cu
and Pb according to TCVN. The Cu and Pb content in the soil will exceed the permissible
limit after 1.9 - 15.7 years and 5.5-18.6 years if watering with Cu and Pb content
equivalent to the experiment. Cd content in irrigation water from 0.5-1.0ppm can
accumulate in the soil exceeding the allowable limit right from the first crop. Brassica
juncea L., Lactuca sativa and Basella alba L. used irrigation water from the Cau Bay
River (belonging to the Bac Hung Hai irrigation system) contaminated with Cd had
higher yields and accumulation of Cu, Pb, and Cd than usual. Use well water for
irrigation, Cu accumulation in vegetables (6.65 - 8.99 mg/kg dry vegetables) is within the
permissible limit; Pb (0.56 - 0.79 mg/kg dry vegetables) and Cd (0.25 - 0.28 mg/kg dry
vegetables) content exceeds permissible limits according to TCVN. Maximum allowed
Cu content is from 3.3 - 9.04ppm (Brassica juncea L.); from 2.95 - 7.53ppm (Lactuca
sativa) and from 3.52 - 9.33ppm (Basella alba L.) corresponding to the maximum Cu
content in soil according to TCVN of 100mg/kg. The maximum allowable Pb content is
from 0.04 - 0.65ppm (Brassica juncea L.) corresponding to the Pb content in the initial
soil decreasing from 17 to 1 mg/kg. From 0.05 - 0.9ppm (Lactuca sativa) corresponds to
the Pb content in the initial soil from 7 to 1mg/kg. For Basella alba L., the limit of Pb in
irrigation water is from 0.06 - 0.93ppm in the case of Pb in the initial soil decreasing from
10 to 1mg/kg. The maximum allowable Cd content is from 0.08 - 0.14ppm (Brassica
juncea L.); 0.1 - 0.12ppm (Lactuca sativa) and 0.05 - 0.18ppm (Basella alba L.)
correspond to Cd content in the initial soil decreasing from 0.1 to 1.5mg/kg.

(3) Within the research scope of the thesis, using zeolite, biochar and composted
straw reduced the mobile Pb and Cd content in soil and in Brassica juncea L., Lactuca
sativa and Basella alba L. Adding 3% zeolite content gave the highest efficiency under
experimental conditions, reducing the mobile Pb and Cd content in soil by 46.7 - 68%
respectively in the first crop and the efficiency decreased as the accumulation of these
heavy metals in the soil increased. Accumulation in vegetables was reduced with Pb from
69.72 - 72.61% and Cd from 59.09 - 60.94%. The content of readily available Pb in soil
was reduced from 16.61 - 22.87%, Cd from 20.83 - 32% and Pb in vegetables from 35.32
- 42.32%, Cd from 43.75 - 48.61% when adding 5% biochar and composted straw.
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PHAN 1. MO DAU

1.1. TINH CAP THIET CUA PE TAI

Nudc 1a ngudn tai nguyén chinh cho su song trén Trai Dat. Viéc tiép can
nudc voi nudc sach co y nghia vd cling quan trong d6i véi sic khoe va hé sinh
thai. Tuy nhién, trong nhiing thap ky qua chat lwong nudc di bi anh huang tiéu
cuc boi sy gia ting dan sd, cdng nghiép hoa, d6 thi hoa va sir dung tai nguyén
thién nhién mot cach qua muac (Vardhan & cs., 2019). Céc ion KLN la mot trong
nhitng chat gy 6 nhiém dugc giai phong nhiéu nhat, nguy co tich liy doc to
trong moi trudong rat cao va cé xu hudng tich lily sinh hoc (Azimi & cs., 2017).
KLN ling dong vao dat, nuéc va co thé dé dang tich lily vao cac bo phan cia cay
(ré, 14, hat). Mot s6 KLN déng vai tro 14 nguyén té dinh dudng vi luong can thiét
cho su phéat trién cua cay trong nhu Cu, Zn, Fe, Mn, Mo. Tuy nhién, véi ham
luong du thira chiing lai 1a yéu t6 bét loi cho cay. Nhom céc nguyén t6 KLN khéc
khong phai 1a dinh dudng ma nguoc lai ching cé thé giy doc cho cay nhu Cd,
Pb, Hg, Cr. T4c hai caa ching c6 thé 1am giam ty 1é nay mam caa hat, 1am thay
d6i hinh thai cac co quan thuc vat, (e ché hoat dong quang hop, can tré viéc van
chuyén nudc, ciing nhu van chuyén dinh dudng, tham chi cé thé kich thich qua
trinh phan hay té bao (Ahmed & cs., 2022). Thong qua chudi thirc in, cac KLN
c6 thé duge dua vao co thé con nguoi va gay doc hai khi tich lity dén mot luong
nhat dinh. Tham chi ngay ca ¢ nong d6 rat thap, ching di co thé gay tén thuong
nhiéu co quan nhu phdi, than, gan, tuyén tién liét, thuc quan, da day va da. Mat
khac, c6 thé gy ra cac bénh réi loan, thoai hoa than kinh nhu bénh Alzheimer va
bénh Parkinson (Cabral & cs., 2019). Ngoai nhitng tac dong ddi véi sic khoe con
ngudi, KLN anh huéng xau dén hé sinh vat dat théng qua cac tuong tac vi khuan
dat (Awasthi & cs., 2022).

Rau xanh 1a nguén thyc pham quan trong trong khau phan an ctia con
ngudi. Rau cung cip cac loai vitamin, carbohydrate, chat xo, protein, khoang
chat can thiét cho su phét trién va sic khoe cua con ngudi (Leblebici & Kar,
2018). Theo cong b cua Chopra & Pathak (2015) thi hau hét cac loai rau xanh
con c6 tac dung gilp con nguoi tranh dugc tac hai cua cac chat doc hai, dic biét
la nhitng chat gay ung thu rudt két.



Trong vai thap ky qua, nhitng nghién ciru vé an toan thyc pham da huéng
tgi tim hiéu nguy co anh huéng dén sicc khoe nguoi tiéu dung do cac KLN tich
lity trong thuc pham, rau qua. Thong qua viéc st dung phan bén, thudc bao vé
thue vat trong san xuat ndng nghiép (Manwani & cs., 2022). Theo két qua nghién
ctru cua Martorell & cs. (2011), cac yéu td rui ro lién quan dén 6 nhidm KLN
trong thuc pham chii yéu phat sinh tir cac san pham ndng nghiép nhu gao, hoa
mau, rau qua trén pham vi toan cau, phé bién & cac nudc dang phat trién. Trong
d6, rau dong gop khoang 90% tong lwong kim loai hap thu va 1a nguon gay
nhiém doc KLN pho bién nhat ¢ nguoi. Két qua cong bé cua Jan & cs. (2010)
cho thay rau 4n 14 13 loai rau 6 ty 1¢ hap thu KLN cao nhat va hoat dong nhu mot
chi s6 sinh hoc vé 6 nhiém dit. Do d6, cac nghién ciru cu thé vé 6 nhiém kim loai
trong rau n 14 phai duoc thuc hién dé khuyén céo nhitng rui ro sac khoe, ciing
nhu ning cao nhan thirc cong déng vé cac bien phap giam thiéu.

Bién doi khi hau dan dén tinh trang thiéu nudc tudi ¢ nhiéu ving dat canh
tac. Nugc nhidm ban dugc st dung tudi trong néng nghiép lam tang nguy co tich
tu KLN trong dat trong, cdy trong s& hap thu KLN va anh huéng dén sic khoe
nguoi tiéu dung (Soleimani & cs., 2023).

O Viét Nam n6i chung va tai khu vue dong bang séng Hong néi riéng, nhiéu
hé thong thay loi 16n nhu song Nhué, Bac Hung Hai, Bic Pudng. .. 1a ngudn cung
cap nude tudi cha yéu trong néng nghiép. Mit khéc, ciing 13 noi tiép nhan nuéc
thai, dan dén tiém an nguy co tich lity KLN trong ndng san rat cao. Nhitng nghién
cu V@ rai ro toi sic khoe nguoi tiéu ding do du lwong KLN gy ra twong doi
nhiéu nhung van con thiéu thdng tin vé su hap thu KLN cia rau duoc tudi bang
nguon nude nhidm KLN. Hau hét cac nghién ctu vé KLN trong rau noi chung va
rau an la noi riéng mai dung lai & khau diéu tra, khao sat, danh gia cac mau dat va
nudc tir cac khu vuc bi anh huong (Verma & cs., 2022; Seal & cs., 2022; Manwani
& ¢s., 2022; Gupta Neha & cs., 2022). Mic du da c6 mot s6 nghién ctru duoc thuc
hién dé danh gia sy hap thu KLN trong nudc tudi cia rau an 14, nhung thong tin
lién quan dén viéc dinh lugng gigi han an toan caa KLN trong nude tudi hién van
chua duoc dé& cap trong bat cur tai liéu nao. Do d6, dé tai luan &n thyuc hién:
“Nghién ciru co' sé khoa hoc xdc dinh ham lwong téi da cho phép ciia mgt sé

Kim logi Ndng trong nwdc twéi cho rau dan 1@ 13 rat can thiét,
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1.2. MUC TIEU NGHIEN CcUU
1.2.1. Muc tiéu téng quét

Xac dinh gidi han ham Iugng KLN (Cu, Pb, Cd) trong nudc tudi cho rau
phuc vu cho viéc quan 1y chét luong nude tudi trong cong trinh thay loi, dam bao
an toan cho ngudi tidu ding, bao vé méi trudng dit va nudéc.

1.2.2. Muc tiéu cu thé

- X4c dinh gi6i han ham luong Cu, Pb, Cd trong nudc tudi phuc vu san xuat
rau an 14 an toan trong trén dat phu sa séng Hong.

- B¢ xuét duogc giai phap han ché tich lily kim loai nang trong rau in 1a doi
vé6i cac ving & nhiém kim loai ning trong nude tudi tir cAc nguon vat lidu san co
trong tu nhién.

1.3. PHAM VI NGHIEN CUU

- Pham vi khoéng gian:

Céc thi nghiém duoc tién hanh trén dat phi sa séng Hong trung tinh it chua
khong duoc bdi hang nam. Pay 1a dién tich dat cd ti 1& trong rau xanh lén, sir
dung nudc tudi chinh tir cac hé thong thay loi.

Thi nghiém chau vai duoc thuc hién trong nha ludi tai Hoc vién No6ng
nghiép Viét Nam (Thi tran Trau Quy, huyén Gia Lam, Ha Noi)

Thi nghiém dong ruéng dugc thuc hién tai xa Da Ton, huyén Gia Lam,
thanh phé Ha Noi

Pénh gia thuc trang ham lwong KLN trong nudc tudi va rau tai hé théng
thity loi Bac Pudng, Bac Hung Hai va song Nhug.

- Pham vi thoi gian:

Nghién ciru duogc thuc hién tir nim 2019 dén nam 2021.

1.4. NHUNG PONG GOP MO| CUA LUAN AN

- Xac dinh dugc ham luogng téi da cho phép ciia Cu (2,95-9,33ppm), Pb
(0,04-0,93ppm), Cd (0,05-0,18ppm) trong nudc tudi cho rau an 14 trong trén dat
phul sa sdng Hong, nham dam bao an toan cho ngudi tiéu dung, dong thoi bao vé
moi trudng dat va nuéce.

- B6 sung khoang sét zeolite (2-3%), than sinh hoc va rom @ (5%) cho hiéu
qua trong viéc han ché tich lity Pb va Cd trong rau an 1a khi st dung ngudn nuéc
tudi 6 nhiém.



1.5. Y NGHIA KHOA HQC VA THUC TIEN CUA PE TAI
1.5.1. Y nghia khoa hoc

- Luan &n cung cip co s& khoa hoc xac dinh ngudng téi da cho phép (gidi
han an toan trong nudc tudi) ham luong Cu, Pb va Cd trong nudc tudi cho rau an
14 dé vira dam bao an toan cho ngudi tiéu ding, ddng thoi bao vé moi trudng dat
va nudc.

- Cung cép co sé khoa hoc danh gia kha nang sir dung khoang sét zeolite,
than sinh hoc va phy pham rom ra dé giam tich liiy Pb va Cd trong rau an 14
trong trén vung 6 nhiém dét va nudc tudi.

1.5.2. Y nghia thuc tién

- Két qua nghién cau cua luan &n cung cép théng tin khuyén céo gigi han
ham luong Cu, Pb, Cd trong nudc tudi cho rau 4n 14 1am co s& cho san xuat rau
an toan trong trén ving dat phu sa song Hong;

- P& xuit ti 18 t6i vu s dung mot s6 loai vat lidu tu nhién (khoadng sét
zeolite, than sinh hoc va rom 1) dé giam tich liy KLN (Pb, Cd) trong rau in 14
phuc vy san xuat rau an toan tai mot sé khu vuc vang déng bang séng Hong ¢
nguy co 6 nhiém KLN trong nuéc tudi va dat.



PHAN 2. TONG QUAN CAC VAN PE NGHIEN CUU

2.1. TONG QUAN VE RAU AN LA
2.1.1. Tinh hinh san xuét va tiéu thu rau trén thé gii va Viét Nam
2.1.1.1. Tinh hinh sin xudt va tiéu thu rau trén thé gici

Theo s liéu thong ké caa T6 chirc Nong lwong Lién hop qudc (Fao, 2020)
thi ndm 2018 san lugng 25 loai rau tuoi chinh trén toan cau dat 1,09 ty tan. Cho
dén nay, chau A van la vling san xuét rau tuoi 16n nhat, chiém 3/4 san luong rau
toan cau. Trong khoang 10 nam 2008-2018, toan cau da tang 24% san luong rau
thuong mai, luong tang chit yéu & Chau Phi (Ebert, 2020). Trong khau phan an,
rau dugc sir dung két hop véi céc loai hoa qua thuc pham sé rat tét cho stc khoé
do bo sung cac loai vitamin, cac chat chong oxy hoéa tu nhién. Do vay, nhu cau
tiéu thu rau qua ngay cang ting. Nhat Ban la quéc gia c6 tudi tho cao nhat, dong
thoi nguoi dan Nhat Ban ciin tiéu thu rau qua nhiéu nhat voi luong binh quan
100 kg/ngudi/nam. Theo du bao cua B Néng nghiép Hoa Ky (USDA), do tac
dong cua cac yéu td nhu su thay d6i co cau dan sd, thi hiéu tiéu dung va thu nhap
dan cu, tiéu thy nhiéu loai rau s& ting manh trong giai doan 2015-2025 dic biét
la rau an 1a. Viéc tiéu thu rau xa lach va cac loai rau an 1a khac ting 22-23%,
trong khi maec tiéu thu khoai tay va céc loai rau an cu chi tang 7-8%.
2.1.1.2. Tinh hinh sin xudt va tiéu thu rau é Viét Nam

Viét Nam c6 lich st trong rau tir 1au doi. Véi diéu kién khi hau thich hop
cho sinh trugng, phat trién caa cac loai rau, ké ca rau c6 nguon gdc & nhiét doi va
6n d6i. Nén rau duoc trong & Viét Nam rat da dang va phong phu vé chang loai.
Ving Pong bang sdng Hong (PBSH) véi khi hau nhiét déi gié mua, c6 mia
déng lanh, rat thuan loi cho tat ca cac loai rau, ké ca rau c6 ngudn gdc én déi va
tré thanh ving san xuat rau 16n nhat nudc, tiép do 1a déng bang séng Ciru Long.
Nhitng tinh c¢6 ning suat rau dat cao 1a Hai Duong, Thai Binh, Hai Phong,Tra
Vinh, An Giang, Kién Giang, Tp. H5 Chi Minh, Dik Lik va Lam Dong, ning
SU4t rau trung binh dat trén 200 ta/ha (Warner Uiterwijk & Vii Thuc Linh, 2016).

Theo két qua khao sat cia Hoi Doanh nghiép hang Viét Nam chat luong
cao (2019), ngudi tiéu dung ngay cang quan tim dén chat luong, c6 xu huéng
chon lya hang héa va san pham hitu co an toan.



Nhin chung, dién tich va san lwong rau ctia Viét Nam qua 5 nim gan day
cho thay c6 su gia ting & ca 2 tiéu chi trén. Nam 2020 dién tich gieo trong dat
Xap xi 1 triéu ha va san lugng 16n nhat tir trudc dén nay. Dé c6 duoc sy gia ting
vé dién tich, san luong rau 1a do nuée ta da sir dung nhiéu gidng rau méi va cai
tién k§ thuat tham canh rau. Khoang 80% san lwong rau hang nim duoc tiéu thy
& thi treong trong nude, phan con lai duoc xuat khau. Kim ngach xuét khau rau
nam 2017 dat trén 3,5 ty USD, dong gop dang ké vao nén kinh té va dac biét
nguoi trong rau da thira nhan va khang dinh cay rau mang lai hiéu qua kinh té
cao hon han so vai cac cay trong hang nim khac (Nguyén Pinh Thi & Nguyén
Linh Trung, 2020).
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Hinh 2.1. San lwgng va dién tich rau ¢ Viét Nam trong giai doan 2015-2020
Ngudn: Tong cuc Théng ké (2021)

Thanh phan: Pai bo phan 1a rau an 14 (khoang 70%); rau an qua (20%), an
cu (8%), con lai la rau gia vi.

Trong 10 nim gan day, san xuat rau ¢ Viét Nam tap trung vao mot sé loai
rau chir lyc. Nhém rau cai cac loai ¢6 sy gia ting nhanh nhat, dién tich nhém rau
nay tang 400% tir nim 2010 dén 2020. Muc do ting nhanh nhu vay la do hiéu
qua san xuit mang lai cao hon céc loai rau khéac, dau tu thap, nhanh cho thu hdi
(25-35 ngay/lta) va thi truong c6 nhu cau cao. Dién tich trong cai xanh cac loai
tap trung chu yéu ¢ cac ving ven cac thanh phé va tai cac hop tac x& c6 san xuit
rau an toan (Nguyén Pinh Thi & Nguyén Linh Trung, 2020).
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2.1.2. Pic diém sinh hoc cia loai rau thi nghiém
2.1.2.1. Cdi xanh
a. Phan logi va dic diém thuc vdt hoc

Cai xanh (Brassica juncea L.) thuoc ho cai (Brassicaceae), chi Brassica.
Rau cai xanh c6 kha ning thich tng rong, nén duoc trong quanh nim, dic biét
phu hop trong vu Xuan Hé va vy Thu Déng. Cai xanh c6 cubng hoi tron, nhd,
ngan. Phién 1a nho va hep, ban 14 mong, cay thap, nho, 14 c6 mau xanh vang dén
xanh dam an co vi cay nén con duoc goi la cai xanh cay, ty 18 nhan giong cao.

Ré cai xanh thudc hé r& chim, phan nhanh. B ré an nong, tap trung ¢ tang
dat tir 0-20cm. L& cai xanh moc don, khong c6 14 kém. Nhing 14 dudi thuong
moc tap trung, kich thuéc 14 16n va nhé dan & 14 phia trén. Bo 14 kha phat trién,
phién 14 to nhung mong nén chiu han kém va d& bj su bénh pha hai.

b. Gia tri dinh dwong

Cai xanh la mot trong nhitng loai rau 14 xanh bo dudng nhat hién c6 trén thé
gidi, loai rau nay chtra nhiéu vitamin A (123,57mg%), vitamin K (691,50mg%),
vitamin C (39,33mg%), carotenes, chat chéng oxy hoa (flavonoid, indoles) va cac
khoang chat thiét yéu (Ca, Fe, Mg, K, Zn, Mn). L& cai xanh c6 lugng calo va chét
béo rat thap (27 calo/100g 14 twoi) nhung lai chtira mot luong 16n chat xo giup kiém
soat muc cholesterol bang céch can thiép vao su hap thu caa né trong rudt. La
nguon cung cdp vitamin nhu axit folic, pyridoxine, thiamin, riboflavin,...
(Priyanka & cs., 2021). Vé mit y hoc, cai xanh dugc cho 1a c6 tc dung bao vé,
chéng lai bénh thiéu méu, bénh tim mach, hen suyén, ung thu rudt két va tuyén
tién liét. Rau ho cai co tac dung loi tiéu (V& Vian Chi, 1998). Cai xanh ding 1am
thudc chira ho, viém khi quan, ra mé hoi, ding ngoai duéi dang cao dan dé gay do
da va kich thich da tai chd, tri dau day than kinh (B4 Tat Loi, 2000).
¢. YEu cdu ngogi canh

Cai xanh ¢ nguon goc on déi nén yéu cau anh sang thich hop véi thoi gian
chiéu sang ngay dai, cuong d6 anh sang yéu. Nhiét do cho sinh truéng va phat
trién 1a tir 15-22°C. Lugng nudc trong cay rat cao chiém tir 75-95% do dé cai
xanh can nhiéu nudc dé sinh truéng phét trién. Tuy nhién, néu mua kéo dai hay
dat ung nudc ciing anh huéng xau dén sinh truong, phét trién cua cay cai xanh.
Do am dit thich hop 1a 70-80% d6 trit am dong ruong.



2.1.2.2. Xa lach
a. Phan logi va dic diém thuc vdt hoc

Cay xa lach (Lactura sativa L.) hay con goi la rau diép, thuéc ho clc
Compositae, 1a loai rau an sdng quan trong va phd bién & nhiéu nuéce, dic biét o
vung 6n ddi, xa lach dugc trong vai dién tich 16n nhat trong céc loai rau in song.

b. Gia tri dinh duong

Xa lach ¢6 ham lugng nudc cao (95%) va chira it calo (100g rau xanh tuoi
chi cung cap 15 calo), chat béo va natri. N6 1a mot nguén cung cap vitamin A va
B-carotene, vitamin K phong phd, chat xo, sét, canxi, magie, folate va vitamin C.
Xa lach ciing 1a mot ngudn cung cap nhiéu hop chat hoat tinh sinh hoc ¢6 lgi cho
stic khoe khac, rat giau nhom vitamin B phuc hop nhu thiamin, vitamin B6
(pyridoxine) va riboflavin (Kim Moo Jung & cs., 2016). Viéc thuong xuyén dua
xa lach vao ché do an udng co tac dung ngin ngira lodng xuong, thiéu mau do
thiéu sat va duoc cho 1a c6 thé bao vé khoi cac bénh tim mach, ARMD, bénh
Alzheimer va ung thu.

¢. Y8u cau ngogi canh

Cay xa lach sinh truéng phét trién tot & khoang nhiét do tir 8 - 25, t6i uu 1a
tir 13 - 16°C. Anh sang thich hop 1a viing can nhiét dsi va thoi gian chiéu sang
16h/ngay. Yéu ciu do am dat tir 70 - 80% d6 trir am dong rudng (Ta Thu Clc,
2007). Ré cay xa lach dn nong. Cay khong kén dat chi can dat toi xdp, thoat nudc
t6t, dat c6 phan @ng trung tinh.
2.1.2.3. Méng toi
a. Phan logi va ddc diém thuc vdt hoc

Mbéng toi (Basella alba L.) thudc ho Basellaceae va chi Basella. C6 hai
giong chinh la Basella alba, c6 than mau xanh 14 cdy, 14 mau xanh dam
va Basella rubra c6 than mau tia, 14 mau xanh dam c6 gan mau hong. La cay
than thao, 14 moc so le, phién nguyén va mong nudc (Shantha & cs., 2016).

b. Gia tri dinh duwong

Mbéng toi chtra rat it calo va chat béo (100 gam I4 séng chi cung cap 14
calo). Méng toi kha doi dao vitamin va khoang chat. Theo Vién Dinh dudng,
trong 100g méng toi co chta 93,2% nudc; 2% protein; 1,4% glucid; 2,5%
celluloza; 0,9% tro; 0,176% calci; 0,034% phosphor; 0,072% vitamin C (Vién
Dinh dudng, 2007).


https://www.sciencedirect.com/topics/chemistry/folate
https://www.sciencedirect.com/topics/chemistry/folate
https://www.sciencedirect.com/topics/food-science/bioactive-compound
https://www.botanyvn.com/cnt.asp?param=edir&v=Basellaceae&list=familia
https://www.botanyvn.com/cnt.asp?param=edir&v=Basella&list=genus

Mbéng toi 1a loai rau c6 tac dung giai doc, thanh nhiét, hoat trang. Dic biét
nhiéu nghién ctru cho thiy mong toi chtra nhiéu hop chat c¢é hoat tinh sinh hoc nhur
alkaloid, glycoside, saponin, tanin, terpenoids, flavonoid,... (Ibrahim & cs., 2014).
c. Yeu cau ngoai canh

Mbdng toi 1a cay c6 ngudn gbc nhiét doi. N6 co thé duoc tim thiy & do cao
[én téi 1.500m, ¢ nhitng noi c¢6 nhiét @6 ban ngay trong khoang 23 - 27°C, nhung
cling ¢6 thé chiu dugc nhiét do trong khoang 10 - 35°C (Fern & cs., 2014). B ré
mong toi dn néng. Mong toi phat trién tét nhat & noi c6 anh ning day du, dat am
lién tuc (80%) véi do pH tir 6,5 dén 6,8.

2.2. TONG QUAN VE TiCH LUY KIM LOAI NANG TRONG RAU

2.2.1. Ngudn gdc, cac dang ton tai caa kim loai ning (Cu, Pb, Cd) trong
nuwoc twoi

2.2.1.1. Nguén géc tw nhién

Kim loai nang 1a mét trong nhirng thanh phan tu nhién cua l16p vo trai dat,
lién quan dén cac qué trinh phong hoa da va khoang vat. Cac KLN trong nuéc
c6 thé duoc hinh thanh ty nhién do qua trinh raa troéi cham tir dat/da vao nuéc.
O nhiém mot s6 KLN trong nuéc c¢6 thé gay nguy hiém doi véi sinh vat (Hg,
Cr, Pb, Cd, Cu, Zn va Ni). Cu, Ni, Cr va Zn 1a cac vi lwong can thiét cho co thé
sébng, nhung trd nén doc hai & ndong d6 cao (Zhou & cs., 2008; Stankovic &
Stankovic, 2013).

Luong kim loai hoa tan phu thudc nhiéu vao pH trong nuéc va cé thé tich
tu trong céc sinh vat séng dudi nude. KLN c6 thé ton tai ¢ dang hoa tan hoic lién
két véi cac chat hiru co trong nudc anh huéng dén sinh vat séng dudi nuéc
(Sevcikova & cs., 2011).

Kim loai ning ciing co thé di tryc tiép vao méi trudng nuéc thdng qua sy
phong hoa da, su hoa tan vat chat do nuéc. pH caa nudc thip 12 nguyén nhan hoa
tan mot sé6 KLN. Néu qua trinh phong hoa xay ra trén bé mat trai dat thi KLN s&
dé dang di chuyén vao nudc mat va nudc ngam do cac khoang vat chira KLN bi
hoa tan.
2.2.1.2. Nguon géc nhan tao

Kim loai ning c6 trong nudc ciing do tac dong cla con ngudi nhu san Xuat
ndng nghiép, ngudn thai cdng nghiép, rac thai sinh hoat...



Hoat dong ndng nghiép di dwa mot luong dang ké KLN vao trong nudc
thdng qua cac viéc st dung cac loai phan bén va thudc bao vé thuc vat (BVTV),
dac biét 1a cac KLN nhu Cu, As, Pb, Hg (Ashraf & cs., 2019). Viéc bon phan hiru
co ciing ¢6 thé dan dén su tich tu cua mot s6 KLN. Theo két qua phan tich tac
dong cua phan hitu co tir phan gia slc, gia cam dén su tich tu KLN trong
dat canh tic ¢ Trung Qudc cho thdy, ham luong Zn, Cu, Cd va As vugt ngudng
cao hon nhiéu so véi cac KLN khac, dac biét Ia trong phan lon (Liu Wang-Rong &
cs., 2020). Hon nita, phan lon ciing 14 mot trong nhitng ngudn gay 6 nhiém Cu
trong dat (~95%) (Matte & cs., 2017). Viéc s dung cac loai phan bon géc
photphat nhu Triple Super Phosphat (TSP) va Di-amoni Phosphat (DAP) 1a pho
bién nhat trong s6 cac nhom phan bon khac nhau vi photpho dugc coi 1a chat dinh
dudng can thiét cho su sinh trudng va phét trién cua cay trong (Gupta & cs., 2014).
Thuéc BVTV thuong chira nhiéu KLN nhu: Cd, As, Pb, Hg (Missimer & cs.,
2018). Viéc sir dung thudc bao vé thuc vat va phan bén ciing lam ting sy tich tu
Cu trong dat. Theo dit liéu st dung phan bon ké ca phan hitu co va phan hda hoc
va thuéc BVTV (thudc diét nam) ciia Cuc Thong ké Quéc gia Trung Quéc, cd thé
thay rang néng d6 Cu trong dat ndng nghiép c6 lién quan dang ké dén luong phén
bon va thuéc BVTV dugc st dung (R > 0,5) (Li & cs., 2020).

Nude tudi 6 nhidm 1a ngudn chinh gay 6 nhiém KLN trong dét va cay trong.
Tai Trung Qudc két qua diéu tra khao sat Qudc gia dau tién vé 6 nhidém dat nam
2005-2013 cho thay ¢6 39/55 khu virc ndng nghiép duoc khao sat da bi 6 nhidm do
tu6i nuéc bang nudc thai (Zhang & cs., 2015; Wang & cs., 2013). Theo nghién
ctu ctia Hu & cs. (2020), cac ngudn kim loai trong dat canh tac va cay tréng &
phia tay tinh Quang Pong, Trung Qudc chi yéu 14 do tudi nguén nudc thai & Bac
Kinh va Trinh Chau. Nudc thai cong nghiép c6 thé 1a mét trong nhitng ngudn
chinh gay tich lity Pb trong trdm tich luu vuc song Chau Giang va luu vuc song
Hoang Ha caa Trung Qudc (Qin & cs., 2021).

Nudc thai c6 chaa kim loai thuong dugc thai ra tir cAc nganh cdng nghiép
luyén kim, ma dién va hoan thién kim loai. Cadimi (Cd?*) la ion kim loai khong
thiét yéu va khong phan hay sinh hoc, tich tu tir tir trong co thé cua cac sinh vat
séng thdng qua chudi thirc an. Cd ton tai trong nudce thai ¢ nhiéu dang bao gom
c4c dang hoa tan, khong hoa tan, vo co, hitu co, khtr, oxy hoa, kim loai tu do, két
taa, hap phu va tao phicc. Cu la mot trong nhitng KLN duogc st dung rong rai
nhét, cha yéu dugc sir dung trong céc nganh cong nghiép dién, ma dién va véi
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mét lwong 16n hon 1a doc hai ddi voi cac sinh vat séng. Cu ciing dugc tim thay
trong nudc Mit, nudc ngam, nudc bién. Trong nude mat, KLN c6 thé di chuyén
rat xa, tir d6 tich tu trong thwc vat va dong vat (Mudhoo & cs., 2012). Pb trong
nuéc ¢6 lién quan téi pH, do cing, 46 min va mun trong dat, c6 kha ning gay
doc hai cao dbi vai thuy vuce. Chi ¢ ngudn gdc tir khai thac khoéng san, san xuét
cac san pham chia chi, dét nhién liéu than va dau, dic biét 1a dét chat thai. Ngoai
ra, st dung xang, son, hop thuc pham pha Pb ciing lam ting ham luong chi trong
moi truong nudc (Mudhoo & cs., 2012).

Hoat dong khai thac khoang san, ciing gop phan rat 16n lam ting KLN vao
moi truong nudc (Koch & Rotard, 2001; Duruibe & cs., 2007). Viéc khai thac
quang 16 thién, lam giau quang bang phuong phap tuyén tho, thu céng lam dong
thai c6 ham luong KLN rat cao. Nuéc thai khong dugce xir 1y, do thang ra cac
ngudn tiép nhan nhu song, sudi... gy 6 nhidm ngudn nudc nhu nude thai tir hoat
dong khai thac dau mo, dau khi, nudi trong ché bién thay san, thuc pham. Cac
nganh céng nghiép khac bao gém gia cong nhya, dét may, vi dién ta, g bao
quan va xtr ly gidy. Khi thai tir cac nha may nhiét dién, cac 10 hoa tang, tir hoat
dong giao thdng chira mot Iugng kim loai di vao moi truong khong khi va sau do6
14 mdi trudng nudc (Tran Lé Minh, 2012).

Nudc thai sinh hoat, chira mot lwong KLN nhat dinh. Luong kim loai d6 1a
do qua trinh tiép xuc lau dai véi duong 6ng va bé chta hoic do viéc sir dung cac
héa my pham. Nudgc thai sinh hoat thuong truc tiép thai vao moéi truong ma
khong qua bat ky hinh thic xir 1y nao. Trong khi d6, hau hét cac chat tay rira
enzyme déu chira lugng vi lwong cua cac nguyén té Fe, Mn, Cr, Co, Zn, Sr.
2.2.1.3. Cdc dang ton tai ciia Cu, Pb va Cd trong nudc twéi

Cac KLN trong nuéc ton tai ¢ dudi dang ion hoic phtc chat. Trong s6
ching, cac ion kim loai hydrat hoa duoc coi 1a doc nhat, trong khi cac phuc cua
ching va cac loai lién két véi cac hat keo thuong it doc. Nong do cua KLN tn
tai trong nudc ban dau rat thap, rdi sau dé dwoc tich tu nhanh trong cac dong vat
va thyc vat séng trong nudc (Ngd Thi Lan Phuong, 2010).

* Pong (Cu)

Trong ty nhién, dong c6 thé dugc tim thay trong cac dang khoang chét nhu:
chalcopyrit (CuFeSz), bornit (CusFeSs), Covellit (CuS), chalcocit (Cu.S) va cac

oxit nhu cuprit (Cu20). C4c hop chat caa Cu?* it hoa tan trong nuée, nhung hop
chat ciia Cu* hoa tan (Kasozi & cs., 2021).

11



Trong mdi truong nude, ddng co thé ton tai & ba dang chinh: dang hat, dang
keo va dang hoa tan. Dang hoa tan c6 thé chaa ca ion tu do ciling nhu dong tao
phtic véi cac phéi tr hiru co va vo co. DPac diém cua dong trong nude tu nhién
duogc xac dinh boi cac dac tinh ly hoa, thay dong luc hoc va trang thai sinh hoc

cua nudc.

Dbdng d& dang duoc cb dinh trong dat va it di dong. Su anh huéng lau dai
ciia dong dén dit s& lam thay doi cau tric va tinh chit cua dat, anh huong dén
hoat dong cua enzyme, kim ham sy sinh trudng va phét trién cua cdy trong. Qua
nhiéu déng c6 thé gay phé huy diép luc, vang 14, 1am giam ham luong diép luc
ciia mang thylakoid trong luc lap, ic ché quang hop, 1am cham su phat trién cua
cay trong ¢ giai doan sinh truéng ban dau, ré va la géc cua cy truong thanh s&
co lai hodc tham chi chét. O nhiém ddng, dat khdng chi gay hai cho thyc vat ma
con de doa nhat dinh dén sy 6n dinh cua toan bo hé sinh thai va su an toan cua
con ngudi. Con duong gay hai chinh ciia dong ddi voi dong vat va con nguoi la
qua chudi thire an. Két qua thi nghiém tich lity Cu trong lta, ngd, dau tuong, lac
va rau cho thay tuéi nuéc c6 nong d6 Cu vuot qua 0,5 mg/l s& gay tich liy Cu
trong ndng san va trong dat vuot gigi han cho phép theo quy dinh.

* Chi (Ph)

Trong nudc, Pb ton tai & 3 dang 1a hoa tan, lo liing ¢ dang keo va phiic
chat. Trong mdi trudng nudc, tinh niang cia hop chat chi duge xac dinh qua do
tan. Do tan cua chi phu thuéc vao pH, pH tang thi d6 tan giam va phu thuoc vao
cac yéu té khac nhu ham luwong ion khac cua nude va diéu kién oxy héa khir.
Trong nudc véi pH tir 6-7, Pb ton tai chu yéu ¢ dang vo co hoa tan, rat it c6 &
dang keo. Trong nuéc mit str dung cho tuéi néu pH > 7, Pb nam dang keo va
phtic chat. Nho tac dung ngoai luc ma cac phic keo cua Pb ¢ dang Pb(CHs)s?*;
Pb(CHs)4 va Pb(CH3)2?* thuong lang dong ¢ cin va tram tich day, Pb trong nudc
tu nhién chi yéu ton tai dudi Pb?* (Phan Thi Thu Hang, 2008).

Chi trong mdi truong nudc 1a két qua cua qua trinh:

- Qué trinh phong hoa vo trai dat

- Qua trinh x6i mon

- Qué trinh tiép nhan cac dong thai chtra Pb tir hoat dong ciia con ngudi
- Qué trinh ling dong Pb tir khi quyén

- Qua trinh hoa tan, rira trdi cac hop chat tur dat.
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Trong tat ca cac loai thuc vat, Pb khong cé vai trd quan trong trong cac qua
trinh trao ddi chat ma con gay doc dén thuc vat, anh huong dén cac qué trinh
quang hop, su phan bao, hut nudc, kha ning co din va dan hoi cua mang té bao
(L& Huy B4, 2006).

* Cadimi (Cd)

C6 doc tinh sinh hoc va hoat dong hda hoc manh trong dat. Cadimi trong
dat c6 tac dung kich thich vi sinh vat & nong do thap va tac dung Gc ché & ndng
d6 cao hon. Cadimi anh hudng dén hoat dong cua vi sinh vat trong dat, dan dén
suy yéu kha ning sir dung carbon cua vi sinh vat dat va thay d6i su da dang cua
quan x4 vi sinh vat trong dat. Cadimi va gbc phét phat trong dung dich dat tao ra
mubi khong hoa tan, 1am giam ham luong phét pho c6 san trong dat, khong co
loi cho viéc st dung phét pho cua cdy trong. Cadimi (e ché su phat trién caa ré
cay trong, lam giam ham luong diép luc va hoat dong quang hop, can tré qua
trinh trao doi chat carbon, trang thai nudc va kha ning hap thu dinh dudng cua
cay trong, tham chi anh huong truc tiép dén cac chi tiéu sinh ly cay tréng. Tir do,
anh huong dén ning suit va chat luong cy trong. So véi cac KLN khéc, cadimi
dé& duoc thuc vat hap thu hon, di vao chudi thire an, d& gay ra du thira KLN trong
ndng san va cac van dé vé an toan thuc pham. Cd khong cé chic ning vé sinh
hoc thiét yéu nhung lai c6 doc hai cao dbi véi thuc vat va dong vat (L& Huy B4,
2008). Trong nudéc, cadimi tao thanh ion hydrat hoa, cac hop chét phic vo co
nhu cacbonat, sunphat, clorua, hydroxit hoic phic véi axit humic. Dang ton tai
ctiia Cd trong méi trudng nuéc phu thudc vao pH, néu pH thap, Cd ton tai dang
ion Cd?* va nguoc lai & pH cao ton tai dang phac Cd?*.6H20 (Hoang Nham,
2005; Scoullos & cs., 2001). Sy tich tu Cd ¢ ché su sinh truong, phat trién va
nang suat cua thuc vat théng qua sinh tong hop axit amin va protein, &c ché hoat
dong cua enzyme, anh hudng dén qué trinh hd hap, quang hop, trao doi chit cua
thue vat. Thuc vat bi ngoé doc Cd cé hién tuong 14 Ua vang, hoai tir va ré chuyén
sang mau nau (Zhu & cs., 2018).

2.2.2. Kha niing lan truyén 6 nhiém kim loai trong trong dat

Kim loai tong sb trong dat khéng hoan toan dwgc cdy hap thy, ma chi la
phan nho can thiét cho cay trong. KLN hiém khi két taa ¢ pH = 7 hay trong méi
treong acid, ma phan Ion ¢ gié tri pH kiém yéu hoic kiém. Déi véi Cu, Pb, Cd
két tia trong dat dudi dang nhdm OH- & gié tri pH cao (pH > 9,5).
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Bang 2.1. Gi¢i han pH d6i véi qua trinh két tia Cu, Pb, Cd

pH 3 4 5 6 7 8 9 10 11 12
Pb? < 0,5 mg/l B
Cd? < 0,5 mg/l B
Cu?* < 0,5 mgl B

Kim loai nang ton tai trong dat dudi cac dang khac nhau va phuong phap
xac dinh tung dang theo phuong phap trich ly Tessier & cs. (1979) duoc trinh
bay trong bang 2.2.

Bang 2.2. Cac dang ton tai ciia kim loai ning trong dét va cach xac dinh

STT Dang ton tai Tinh chat
1 Trao doi - Dang ion, linh dong, dé trao doi.
2 Lién két v6i Carbonate - Dang carbonate.

- Ton tai & dang lién két vai sit oxit va magie

Lién két véi st oxit va magie ) v de o . 3
g oxIit nhu 1a hat nho, khoi ran, gan véi hat hoac

oxit . \
chi 1a 16p pht bén ngoai ciia nhitng hat nho.
- KLN lién két v6i vat chét hiru co & cac dang
4 Lién két vdi vat chat hitu co khac nhau: Ton tai trong sinh vat séng, vat vun

nhu cét, sdi, 16p phu bén ngoai cta hat khoang.

- Bén, giif trong cau triic. Khong bi giai thoat

5  Lién két cdu trac dat o .
trong diéu kién ty nhién.

Ty vao muc do linh dong cua ching va dung dich dat ma cac KLN c6 thé
t6n tai & bon dang khéc nhau. Hai dang ton tai dau, kim loai & dang ion va c6 sin
trong dung dich, dang tht ba, mac du ton tai & pha rin nhung c6 thé di vao dung
dich khi can thiét va tré nén cé sin khi cay trong can. O dang tha 4,5 kim loai bi
lien két chat vai cac hop chit vo co hoac hitu co khac va khong co san cho cay.
Sy hédp thu hay tich liiy KLN cay trong bi anh huong boi rat nhiéu théng s dat
nhu: pH, Eh, ham luong chat hiru co, cin bang dinh dudng, nong d6 cua cac
KLN khac trong dat ciing nhu do am va nhiét do.

14



Trang thai kim

< Tong lwong kim loai >
KL trong Kim loai & pha rin
A i Ton tu do Kim loai bi lién két chat
dung dich ,
-« — — —_—
s | I
D6 linh dong | |
1 J I
. . c hép thu . Ci e
Ion kim loai | hap thu: h p | Ion kim loai khéng linh
\ < rong . L -
hoa tan | yéu | L dong trong qud trinh cay
B qua trinh | . .
| | e o sinh tredong
| | cdy sinh |
| | trweong |
| |
Nguon kim loai cé san Nguon KL khong cé san

Hinh 2.2. M6 hinh trang thai cac kim loai ning trong méi truwdong dat
Ngudn: Lé Huy Bé (2006)
2.2.3. Co ché tich liiy kim loai ning vao thyc vat
Cac nguyén t6 trong dung dich dat duoc chuyén téi bé mat ré cay bang hai
con duong chinh: sy khuéch tan va dong chay khéi. Su khuéch tan xay ra nham
chéng lai su gia ting gradien nong do binh thudng d6i véi ré cdy bang cach hap
thu cac KLN trong dung dich dat tai bé mat tiép gidp ré cay - dat. Dong chay
khdi duoc tao ra do su di chuyén cua dung dich dét ti bé mat ré cay nhu 1a két
qua cia qua trinh hdé hap cua 1a. Ca hai qué trinh nay xay ra khong dong déu
nhung theo cac toc do khac nhau tiy thudc vao nong do dung dich dat. Cac mudi
kim loai hoa tan trong nuée duoc hap thu cung véi dong nudc tir dat vao ré rdi
I&n 14. Phan 16n cac KLN dugc hap thu vao cay dudi dang ion théng qua hé
théng ré. C6 hai cach hap thu ion vao ré: hap thu chu dong va hap thu bi dong.
Hdp thu thu déng
- Céc ion KLN khuéch tan vao té bao theo sir chénh léch nong db.

- Hoa tan trong nudc va vao ré theo dong nudc.

- Céc kim loai hat bdm trén c4c bé mat keo dat va trén bé mat ré trao doi
v6i nhau khi c6 tiép xuc gitra ré va dung dich dat, cach nay duoc goi la hat bam

trao dol.
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Hdp thy chu déng

Phan 16n cac nguyén té kim loai dugc hap thu vao cay theo cach chua dong.
Tinh chit dong dwoc thé hién & tinh thim chon loc cua mang sinh chat va céac
KLN dugc van chuyén vao ré nguoc vai quy luat khuéch tan, vi cach hap thu nay
nguoc voi gradien nong do nén can thiét phai cung cap nang luong, tac 1a phai co
su tham gia caa ATP va cia mot chat trung gian, duoc goi 1a chat mang. ATP va
chat mang duoc cung cip tir qua trinh chuyén héa vat chat (chu yéu 1a tir qua
trinh ho hap).

Qua trinh hap thu KLN vao trong cay trai qua 4 giai doan sau:

Giai dogn 1: KLN di vao ving tu do cua ré cy. Sy di chuyén cua cé4c ion
kim loai khéng bi gigi han tai bé mat ré cay. Vung mang cua té bao c6 kha ning
dé dang cho dung dich x&m nhap, tai ddy céc ion dwong c6 thé khuéch tan ty do
hap thu vao nhitng té bao mang dién &m. Kim loai dwgc van chuyén vao khéi
hinh cau than ré - vaing rong khoang 1-2mm giira ré va ving dat xung quanh. Co
ché hap thu c6 thé bién doi véi cac ion khac nhau, nhung nhiing ion duoc hap thy
vao trong ré bai cling mot co ché s& canh tranh véi nhau, vi du nhu sy hap thu
ctia Zn dugc han ché boi Cu va H* nhung khong bi han ché boi Fe va Mn.

Giai doan 2: Cac KLN bi hap thu trong té bao c6 thé bi mat tinh linh dong
hay tinh doc trong té bao chat, théng qua qua trinh két hop tao phuc véi cac phan
tir hitu co hoic bi sa lang xudng cac khu vuc giau electron.

Giai doan 3: Céc kim loai ¢ trong té bao c6 thé dugc chuyén tir té bao nay
sang té bao khac thong qua con duong hop sé& di vao mao dan ré va dua téi mam
cay. Su di chuyén cua cac dung dich trong mao dan r& 14 nguyén nhan gay ra céc
dong tha (su di chuyén khdi - dong chay khéi). Céc cation tu do ¢6 thé phan ung
V6i cac nhom mang dién &m cua thanh té bao mao dan ré, day chinh 1a 1y do lam
can tro sy van chuyén caa KLN hay 1am qua trinh trao di bi cham lai. Ngoai ra,
cac nhom tao phuc vai kim loai tu do nhu céac axit hiru co, amino acid trong mao
dan ré s& lam giam mirc do linh d6ng cua KLN va cho phép ching di chuyén vao
C4C mam cay.

Giai doan 4: KLN tich lity trong ré& chiém 80-90% tng luong kim loai hip
thu. Hau hét cac kim loai duogc tich liy trong r& cdy déu & trong khong bao va
duoc lién két vao cac hop chat pectin va protein cua thanh té bao. Ngoai ra mot
s6 loai cay c6 kha nang tich liiy KLN ¢ phan trén coa cay nhu cay thudc 14 co
trén 80% Cd tich liy trong 14 (Vi Van Vy, 2008; Ghori & cs., 2016).
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Hinh 2.3. Ham lwgng kim loai ning trong cac by phan cia cay
Ngudn: Cui & cs. (2004)
2.2.4. C4c yéu t6 anh hwong dén sy tich liiy va lan truyén kim loai niang
trong rau
Téc d6 lan truyén KLN phuy thudc vao tinh chat cua dat. Toc do lan truyén
doc chat trong dét va trong khoang rat nho so vai lan truyén trong dat. Téc do lan
truyén céc ion c6 trong dat phu thudc vao pH cua dat. Vi du: & moi truong axit
thi cac ion kim loai d& tan trong nudc hon 1a méi trudng kiém nén dugc lan
truyén rong va nhanh hon trong dat.

Ngoai ra, con phu thudc vao qua trinh phan tng xay ra trong dat. San pham
cua phan tng nhitng chat d& két taa kho lan truyén trong dit hon so véi cac chat
dé tan trong nudc. Phy thudc vao qua trinh hap thu vao bé mat chét ran va qua
trinh hap thu vao bé mat chit long cua cac chat. Nhitng chat d& hap thu vao bé
mat chat long dé lan truyén trong dat hon cac chat khé hap thu.

NGi chung sy tich liiy KLN trong moéi truong dat rat bién dong. C6 nhirng
KLN theo thoi gian nong d6 chung ting 1én (thong qua day chuyén thuc pham,
su tich tu sinh hoc, phéng dai sinh hoc...), nhung ciing c6 KLN néng d6 cua
chdng giam dan theo thoi gian. Néu nong do6 KLN di vao méi truong 16n hon su
mat di thi din dén hién twong tich lity. Tuy nhién sy tich lily nay phu thudc vao
nhiéu yéu té nhu: Ban chat cia KLN, thanh phan vat ly caa dat, pH dét, nhiét o
dét, @6 man caa nudc, cac bo phan khac nhau cua cay. Cac nghién ciu di chi ra
c6 mdi quan hé cua su hap thu KLN va pH cua dat. Khi pH cua dat giam 1am
tang ndng do KLN tich liiy trong thuc vat va nguoc lai (Sarwar & cs., 2010).
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CAc chat tiét ra tir ré: Dich tiét ra tir ré 12 yéu té quan trong 1am thay doi
ham luong KLN di dong trong dat (Dong & cs., 2008). CAc chat tiét ra tur ré 13
san pham thir cAp bao gém axit hitu co, protein, peptide, axit amin, polysacarit va
duong dugc tao ra trong qua trinh quang hop, duoc giai phong vao dat théng qua
ré. Chat tiét ra tir ré cd thé co lap va lién két véi KLN trong dat va bao vé ré cay
khoi doc tinh caa KLN (Liao & Xie, 2004). Két qua 1a cac chat tiét ra tir r& gitp
giam su hap thu KLN trong thuc vat (Sarwar & cs., 2010).

Loai cay trong: Cay trong c6 thé hap thu KLN dé& dang qua ré, qué trinh nay
dién ra manh hon trong dat nghéo dinh dudng (Rizwan & cs., 2017). So véi cac
kim loai khac nhu Pb, Cu, Zn va As, luong Cd trong dat dU ¢ nong d6 thap hon
nhung lai dugc cdy hap thu nhiéu hon. Co ché nay duoc giai thich 1a do Cd c6 hé
s6 tich liiy cao nén di chuyén vao thuc vat dé hon so vai cac kim loai khéac (Zhu
& cs., 2021).

2.2.5. Anh huéng ciia kim loai ning dén chit lwong rau va strc khée con nguoi
2.2.5.1. Anh huong ciia kim logi ning dén chit lugng rau

Nhiéu nguyén t6 kim loai co6 ¥ nghia quan trong trong doi séng cua sinh
vat, trung binh ham lwong kim loai trong sinh khdi khé cua sinh vat khoang tir 1
dén 100ppm. Su xuét hién cua cac KLN trong dat ndng nghiép gay ra cac tac
dong khac nhau trong qua trinh sinh trudng va trao d6i chat cua thyc vat va tac
dong dén céac qué trinh sinh hoa va sinh Iy khac nhau cua thuc vat. Mot vai kim
loai nhu Cu, Mo, Co, Ni, Mn, Fe va Zn 13 nhitng nguyén t can thiét cho thuc
vat, duoc sir dung cho céc qué trinh oxy hda khir, 6n dinh phan tir, 1a thanh phan
cua rat nhiéu loai enzyme, diéu chinh &p luc tham thau (hoat tinh oxy héa khir
cuia cac hop chét dong tang gap hang nghin lan tham chi hang van lan Cu ¢ trang
thai ty do trong moi khau cua qua trinh trao ddi nito nhan té chinh cho su sinh
truong cua cay trong). Cac KLN duoc sir dung nhu mot loai phan vi luong dé
bon cho cay trong & mot luong nho vira phai thi khéng nhimg ning suit cay
trong tang ro rét ma pham chat cac san pham ndng nghiép ciing duoc cai xanh
thién, dong thoi khac phuc dugc nhiéu loai bénh cua cay trong nhu bénh thdi cu
cai duong, nhiin khoai tay... (L& Huy B4, 2006). Tuy nhién, mot s6 kim loai
khong c6 vai tro sinh hoc, khong can thiét nhu: As, Hg, Cr, Pb, Cd... s& gay doc
lau dai ddi véi sinh vat. Cac kim loai khong can thiét nay s& thay thé vao vi tri
cua cac kim loai can thiét. O ndng d6 cao, ca hai nhdm nguyén té kim loai can
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thiét va khong can thiét déu co thé 1am ton hai mang té bao, thay d6i dic tinh cua
enzyme, phéa v& ciu tric va chirc ning cta té bao (Hirve & cs., 2020).

Ciing nhu nhiéu nguyén té khac, mot s6 KLN & ham lugng nhit dinh rat
can thiét cho sinh vt nhung c6 mét sé loai lai khong can thiét. Pang chu ¥ 1a
nhitng KLN can thiét chi khi chung c6 ham lwgng phl hop trong co thé sinh vat,
néu qua it (so vé&i nhu cau sinh 1y) s& gay anh huéng ti qua trinh trao ddi chat va
néu nhiéu (cao hon ngudng chiu dung) s& gay doc (anh huong dén sinh truong va
phét trién caa cay). Poc tinh cia KLN phu thude vao pH dat, thanh phan cau trdc
dat, loai cay trong, trang thai oxy hoa cua nguyén té kim loai va nong do caa kim
loai trong dat. Su hap thu KLN vao mla hé nhiéu hon vao mua dong do thoat hoi
nuéc (Sharma & cs., 2007). Boc chat tir moi truong dat xam nhap vao co thé
thuc vat qua su hap thu cua ré khi liy chét dinh dudng nudi cdy. Tac dong manh
truc tiép dén qua trinh hap thu dinh dudng cua ré, sau d6 dén qua trinh nay mam,
sinh truong, quang hop, can bang nuéc trong cay... (Dalcorso, 2012).

Cac KLN doc hai cling dugc coi la tac nhan gay doc cho thuc vat va pha vo
hinh thai va cac qua trinh sinh ly thuc vat, chang han nhu giam téc do ting
truong, chuyén dong khi khong va mat can bang dinh dudng va tc ché quang
hop. KLN lam thay doi tiéu cuc cac qué trinh sinh Iy va sinh hoéa khac nhau trong
thuc vat, ¢d thé gay ton thuong mang té bao va pha hay cac phan tir sinh hoc va
c4c bao quan thdng qua viéc tang san xuit ROS (cac loai oxy phan @ng) & thuc
vat (Rai & cs., 2019).

Kim loai nang anh hudng dén cac enzyme nhay cam véi kim loai khac nhau
trong thuc vat nhu alcohol dehydrogenase, nitrogenase, nitrate reductase, amylase
va cdc enzyme thuy phan (phosphatase va ribonuclease) va carboxyl hoa
(phosphoenolpyruvate carboxylase va ribulose-1,5-bisphosphate carboxylase). Do
d6, cac KLN lam gian doan mot s6 qua trinh sinh hda/sinh ly trong thyc vét nhu
nay mam hat, hoat dong enzyme, chuyén hoéa nito, hé théng van chuyén dién ti,
thoat hoi nudc, ddng hda COz, hé thdng phong thi chéng oxy hda, quang hop,
photophosphorylation, chuyén héa té bao, ¢ dinh nito, can bang nudc, khoang
dinh dudng va can bang noi mdi ion té bao, cudi cing dan dén cai chét cua thuc
vat. Viéc dung nudc thai cong nghiép dé tudi chira nhiéu KLN ciing 1am gian doan
mét s6 qué trinh té bao hoc & thuc vat nhu sy phat trién va kéo dai cua ré, tinh
thAm ctia mang té bao, hoat dong phan bao, su 6n dinh cua vat chat di truyén va
ciling tao ra cac bat thuong vé nhiém sic thé (Saxena & cs., 2020).
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Rau c6 thé hap thu céc kim loai ndy bang cach hap thu tir dat bi & nhiém va
tir su ling dong cua khi quyén cac chit dang hat tir cac ngudn khac nhau. Nhiing
kim loai nay lan dau tién duoc hap thu trong té bao chit cua ré va duoc van
chuyén tiép vao cac phan khac cua té bao. Chung dugc chuyén dén céc bo phan
khac nhau cua cay thdng qua nhiéu con dudng khac nhau va dan dén giam téc do
tang trudong do 1am thay d6i cac hoat dong sinh 1y, sinh hoa va trao doi chat cua
cay. Viéc hap thu qua nhiéu KLN tir dat c6 hai hau qua: cay trdng thu hoach bj &
nhiém, do d6 anh huong dén sic khoe va ning suat cay trong giam do e ché qua
trinh trao ddi chat. Sy hap thu kim loai cua ré dugc kiém soat bai nhiéu yéu té
nhu ham lwgng hoa tan caa no trong dat, pH dat, chat hitu co, kha ning trao doi
cation, cac giai doan phat trién cua cdy trong, loai cay tréng, phan bén va loai
dat,... (Yadav & cs., 2018).

Bang 2.3. Anh hwéng ciia cac kim loai ning ddc hai dbi véi thue vat

Kim loai nang Anh hwéng dén ciy trong

Cadimi Cay cham phat trién, hat ndy mam va ham lugng lipid, kich thich
san xuat phytochelatins

Chi Giam san xudt chat diép luc, giam su phat trién cta thuc vat; ting
superoxide dismutase

Dong U’ ché quang hop, 1am giam qua trinh sinh truéng va sinh san cua
thyuc vat; giam dién tich bé mat thylakoid

Ngudn: Shah & cs. (2020).

2.2.5.2. Tac dong cua kim logi ndng toi con nguoi

Thuc vat hép thu néng dd KLN cao hon tir dat noi n6 bi anh huong boi
KLN va bi tich liiy trong mé thuc vat. Cac KLN nay xam nhap vao co thé con
ngudi thdng qua chudi thirc an, viéc sir dung rau bi 6 nhidm 1a con duong tiép
xuc duy nhét cua con ngudi dén KLN. KLN tro nén doc hai khi ching khéng
duge co thé chuyén hda va tich tu trong co thé (Sobha & cs., 2007). Tac dong
doc hai man tinh khdng mong mudén dén con nguoi bai sir dung thuc pham
nhiém KLN chi tré nén rd rang sau khi phoi nhiém trong vai nim (Khan & cs.,
2008a). Pac tinh cua cac KLN nhu Cd, Pb, Cr(VI), As ddi véi con ngudi duoc
cong nhan va ghi chep rong réi (Jarup, 2003; Krejpcio & cs., 2005). Co quan
nghién ctru ung thu Quéc té (IARC) phan loai As, Cd va Cr vao nhém 1 vé chat
gy ung thu ddi véi con nguoi (Who, 2019). Tiéu thu thuc pham chiém toi 80%
dén 90% vé lidu luong As, Cr, Cd va Pb ma con ngudi hap thu tiép xic hang
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ngay (Jaishankar & cs., 2014). Rau, mét phan quan trong cua ché do an udng cé
thé hap thy KLN khi duoc tréng & méi trudng bi 6 nhiém; s6 luong dang ké KLN
tich tu trong 1a va do dé, viéc tiéu thy rau qua cé thé chiém mot phan dang ké
trong téng sé phoi nhiém d6i véi Cd, Pb va As (Hu & cs., 2013; Kananke & cs.,
2014). Biéu nay cho thay ring viéc tiéu thu rau c6 thé 1a ngudn phoi nhidm chinh
voi KLN.

Bang 2.4. Tac dong ddc hai ciia Cu, Pb, Cd Ién céc co quan co thé

Kim loai ning Co quan chiu dnh hwong
Cu Gan, ndo, than, giac mac, duong ti€u hoa, phéi, mién dich, huyét hoc
Pb Xuong, gan, than, ndo, phéi, lach, hé mién dich, mau, tim mach, sinh san
Cd Xuong, gan, than, phdi, tinh hoan, ndo, hé mién dich, tim mach

Ngudn: Nguyén Thi Minh Ngoc (2020).

2.3. THUC TRANG O NHIEM KIM LOAI NANG TRONG PAT VA
NUOC TUOI TAI VIET NAM
2.3.1. O nhiém kim loai ning trong dat

Theo B&o c&o hién trang mdi trudng qudc gia giai doan 2016-2020, tinh
trang 6 nhiém KLN trong dat da xuét hién nhiéu hon (B Tai nguyén va Moi
truong, 2021). Cac khu cdng nghiép, lang nghé truyén thong 1a nguyén nhan gay
6 nhiém KLN. Ham luong Cd 1,57 mg/kg trong dat nong trudong Lé Minh Xuan,
huyén Binh Chanh, thanh phé HS Chi Minh 1a hau qua tir cac hoat dong xa thai
cua khu cong nghiép Vinh Loc va Tan Binh ciing nhu nhiéu co sé san xuat, dét
nhuém tai quan Tan Phi, Tan Binh va quan 12. Tai Binh Duong, dat san xuat
nong nghiép tai Tan Uyén c6 ham lugng Cd la 1,63 mg/kg. Cac nghién ciru danh
gi4 vé ham lugng Cd trong 4 nhém dat chinh san xuat néng nghiép o Viét Nam
(dat phu sa, dat xam, dat do, dat cat). Nam 2019, tic gia HA Manh Thing d3 két
luan: Ham lwong Cd trong 273 mau dat ting mat nhom dét phi sa mot sé hé théng
séng chinh caa Viét Nam (song Hong, song Ciru Long, song M4, séng Lam...)
trung binh dao dong tr 0,519-0,615 mg/kg. Su tich tu Cd c6 xu hudng tap trung
trén ting dat mat (0-30cm) va giam dan theo chiéu sau. Trong d6, DPBSH 1a khu
vuc ¢6 nhiéu miu dat gi4 tri tich lily Cd cao nhit tir 0,133-1,6 mg/kg, trung binh
13 0,769 mg/kg. Dat phu sa tai cac luu vuc song khac nhu séng Cau Long ¢d ham
lugng Cd trung binh dat 0,53 mg/kg, song Ma dat 0,371 mg/kg va song Lam dat
0,315 mg/kg. Nguyén nhan khién PBSH c6 ham lugng Cd trong dat phl sa cao
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nhét duoc tac gia chi ra 1a do mirc d6 dau tu tham canh cao, sir dung phan bon va
hé s6 mla vu cao hon cac ving khac. Ddi v6i nhém dit xam, ham lwong Cd c6 sy
bién dong kha Ion giira cac loai dat xam, nam trong khoang tir 0,03-1,31 mg/kg,
trung binh dat tir 0,19-0,76 mg/kg. Ham lwgng Cd tich liy trong 253 mau dit do
nam trong khoang tir 0,01-3,95 mg/kg, trung binh dat 2,08 mg/kg. Dong Nam Bo
1a ving c6 dat do c6 nong d6 Cd cao nhat trén ca nuéc, trung binh 1a 3,33 mg/kg.
Két qua nghién ciu sy tich lily Cd trong nhom dat cét tai ven bién cac tinh viing
Bic Trung Bo, Pong Bic, Nam Trung Bo, Nam B cho thiy, dat cat ¢ ham luong
Cd tich iy thap, trung binh 0,28 mg/kg. Ham luong Cd trung binh trong dt xam
Viét Nam 1a 0,37-0,42 mg/kg. Sé liéu phan tich cho thdy, hau hét cac nhom dat
toan qudc déu c6 ham lwong Cd nim dudi ngudng cho phép cia QCVN
03:2015/BTNMT.

Cac hoat dong khai thac khoang san, bai chdn lap rac la mot trong céc
ngudn gay 6 nhiém Cd trong dat. Nghién ctu cua Tran Thi Minh Thu & cs.
(2018) da cong bd vé tinh hinh 6 nhiém KLN trong dat nong nghiép tinh Bac
Ninh cho thay mot s6 mau cé gia tri ham lugng Cd cao nhét 14 2,14mg Cd/kg dat
va mau c6 gia tri ham luong Cd thap nhat 1a 0,04mg Cd/kg dat. Cac diém lay
mau c¢6 ham lugng Cd cao nhat thuoc thon Pong Pong, xa Pai Bong Thanh,
huyén Thuan Thanh c6 mirc ¢6 6 nhiém vuot ngudng cho phép. Nguyén nhan
cua su 6 nhiém nay duoc xac dinh 1a do hoat dong chuyén canh rau mau cé ty I¢
str dung phan bon cao, gan nha may tai ché nhya.

O nhiém Cd o tang dat mat (d6 sau tir 0-20cm) cua dat 1a (1 vy lda chinh va
1 vu mau) trén dia ban thon Pong Mai, xa Chi Dao, huyén Van Lam, tinh Hung
Yén c6 ham lugng Cd & mac d6 cao dat 9,51 mg/kg cao hon so véi QCVN
03:2015/BTNMT (Nguyén Thi Quynh Trang & Nguyén Xuan Hai, 2011). Nguyén
nhan tich liy Cd trong dat cha yéu l1a do sir dung nuéc tudi 6 nhidm Cd. Mot
nghién ciu khac cua Phan Qubc Hung & Tran Thi Hong Thom (2016), trén dat
ndng nghiép trong lda tai Duy Tién, HA Nam cho thdy ham luong Cd trong dat
phét hién cao nhat dat 0,86 mg/kg, nhé nhat 0,28 mg/kg, trung binh dat 0,52 mg/kg
thap hon quy chuan cho phép (1,5 mg/kg).

Hién trang 6 nhiém KLN trong dat san xuat ndng nghiép trén dia ban tinh
Hai Duong, tir s6 liéu khao sét thu thap 387 mau dat duogc ldy dya trén 7 ngudn
c6 kha ning gay 6 nhidm chu yéu trén dja ban tinh dwoc giri vé Vién Thd nhudng
Nong hoa dé phan tich ham luong cac KLN (Cu, Pb, Cd, As, Zn, Cr) trong dat
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cho thay hién trang 6 nhiém dat san xuat néng nghiép c6 mot sé danh gia dang
chu y sau day:

- D4t san xuat néng nghiép (viing gan ngudn gay 6 nhidm: lang nghé, co s y
té, khu cdng nghiép, cum cdng nghiép, nudc thai sinh hoat, bai rac va ving chuyén
canh) cua tinh Hai Duong hau hét déu ¢ ngudng an toan vé céc chi tiéu KLN.

- Trong pham vi nghién cau cé: 05 mau dugc danh gia & mac 6 nhiém (02
mau bi 6 nhiém Cu, 01 mau 6 nhiém ca Cu va Zn, 01 mau 6 nhiém Zn va 01 mau
6 nhiém Pb) véi ngudn gay 6 nhiém tir 1ang nghé vang bac va khu vyc tham canh
cao; 94 mau duoc danh gia & mac can 6 nhidm chiém ty 1& nhiéu nhat & ving dat
san xuat néng nghiép gan khu céng nghiép hoic khu vic thAm canh cao, thap
nhat & ving dat san xuat ndng nghiép gan cac co so Yy té va ngudn nudc thai sinh
hoat. Cac KLN & muic vuot ngudng cho phép cha yéu mang doc tinh thap (Cu,
Zn), chi duy nhat 1 mau c6 ham luong Pb vuot tiéu chuan cho phép, day 1a kim
loai c6 tinh doc cao ddi véi suc khoe con ngudi.

Nhu vay c6 thé thay, 6 nhiém KLN trong dat ndng nghiép & Viét Nam da
c6 dau hiéu xuat hién & mot sé ving ¢ anh huéng 16n bai hoat dong san xuat
cong nghiép va lang nghé. Mic d6 6 nhidm KLN trong dat ndng nghiép o Viét
Nam d3 c6 mot s6 noi vuot ngudng cho phép cia QCVN 03-2015/BTNMT tir
1,09 lan dén 2,3 lan.

2.3.2. O nhi&m kim loai ning trong nuéc twdi

Séng Hong la ngudn nudc chinh phuc vu cip cho sinh hoat va san xuat
ndng nghiép, trong khi cac hoat dong khai khoang, san xuat céng nghiép, nuéc
thai sinh hoat, bai chon Iap chét thai va ca hoat dong san xuat ndng nghiép dang
gay 6 nhiém nudc séng. Nghién ciu cia Nguyén Thi Thu Hién & cs. (2016) cho
thay, Cd va céc kim loai khac nhu Cu, Pb, Ni, Zn duoc phat hién & ndng do cao
tai mot s6 dia diém thuong ngudn sdng Hong (dia phan Lao Cai). T4c gia ciing
chi ra rang Cd, Cu va Pb la nhitng chat gay 6 nhiém chu yéu & séng Hong, Véi
nong do cia ching dat mac 6 nhidm tir trung binh dén nghiém trong (Nguyen
Thi Thu Hien & cs., 2016). Mot nghién ciru khac caa Nguyén Thi Bich Ngoc &
cs. (2015) vé ham luong KLN trong nuéc séng Hong cho thay, ham luong Cd
trong nudc song cao hon QCVN 08:2015/BTNMT (Cd trong nude tudi ndng
nghiép thap hon hoic bang 0,01 mg/l). Két qua nay la sb liéu quan trac hang thang
giai doan tir thang 1/2012 dén thang 12/2012 tai 4 tram thuy van Ha Noi, Hoa
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Binh, Vi Quang va Yén Bai. Két qua cia nghién ctu ciing cho thay 55,7-81%
dong chay KLN xuat hién vao mua 1ii, con lai 12 xuat hién vao mua kiét (Nguyén
Thi Bich Ngoc & cs., 2015).

Séng Nhué 1a mot trong ba hé théng thay loi chinh cia DPBSH véi diém bt
dau tir cong Liém Mac - Ha Nai va két thuc & Pha Ly - Ha Nam. Séng Nhué
cling 12 noi tiép nhan nudc tir séng T6 Lich va song Kim Nguu - hai séng dan
nuéc thai cua Ha Noi hién nay. D3 ¢ nhiéu nghién ctu vé chat luong nude sdng
Nhué vai vai trd 12 ngudn nude tudi phuc vu cho hon 100.000ha dat ndng nghiép
cua Ha Noi va Ha Nam (Mai Van Trinh & cs., 2011). Ngudn nudc tudi tir sdng
T6 Lich va song Kim Nguu bi & nhidm KLN cho thay dién tich dat néng nghiép
duoc tudi & ngoai thanh va cac loai cy trdng ¢ dé ciing bi 6 nhiém KLN (Huong
& cs., 2008). Pé danh gia ham lugng Cd trong nudc séng Nhué va mbi tuong
quan vé kim loai nay giira hai méi trudng nudc tudi va dat canh tac, tac gia
Nguyén Thi Lan Huong di tién hanh ldy 12 miu nudc doc theo luu vuc song
Nhué dé phan tich ham luong Cd va dua ra két luan nhu sau: Ham lwong Cd
trong nudc tudi doc theo séng Nhué cé su chénh léch rd nét giira cac diém lay mau
va trung binh < 0,001 mg/l, nam trong ngudng cho phép dbi véi chat luong nudc
mat diing cho muc dich cap nudc sinh hoat cot A2 - QCVN 08:2015/BTNMT. Két
hop vai két qua phan tich ham lugng Cd trong dat canh tic va danh gia hé sd
tuong quan Pearson, tic gia ciing khang dinh ham luong Cd trong dat ndng
nghiép da duoc bd sung thdng qua hoat dong tudi bang nudc séng Nhué (Nguyen
& Volkova, 2018).

Theo két qua quan tric chat luvong nudc tir 2018-2022 cuia Tong cuc Thay loi
cho thdy chat luong nuéc trén cac hé thong thuy loi cua khu vuc DBSH di bi suy
giam nghiém trong. Nhiéu hé thdng bi 6 nhiém muc d6 trung binh dén nang. Vao
mua khd hau nhu khong dap tng duoc tiéu chuan chat luong nude danh cho tudi
(QCVN 08:2015/BTNMT cot B). Ngoai théng sé 6 nhidm chat hiru co N, P,
BODS5, COD cao hon 3-4 1an giéi han cho phép thi mot s6 hé thong da c6 dau hiéu
bi & nhidm KLN (S6ng Nhu¢, Bic Pubng), ham luong Cd di vuot gisi han quy
dinh QCVN 08:2015/BTNMT, nguyén nhén 1a do tac dong bai nhidu ngudn thai
nhu: cong nghiép, chin nudi, dan sinh, lang nghé, y té... va hau hét cac ngudn thai
xa thai vao HTTL déu chua duogc xt ly.

Sau day 1a tong hop chat luong nudc trén cac hé thong thuy loi ving DPBSH
trung binh qua cac nim 2017-2022 vé Cd va pH.
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Bang 2.5. Ham lweng Cd va théng sé pH

clia nwéc twéi trén cac hé thdng thuy lgi viing Pong bing song Hong

Trung binh muakhd Trung binh mua mwa QCVNO8/

Thong Don . : :
™ WY T Tcao Tmep Cao Thip  2015BTNMT
) nhit nhit nhat nhit (Cot B1)
1 pH : 691 6,7 6,68 6,5 5,5-9
2 cd  mgl 0087 0065 0034 002 0,01

Nguén: Vién Quy hoach Thay loi va Phong thi nghiém DAt, nuéc, méi trudng,

Truong Dai hoc Thuy loi (2017-2022)

Cac két qua cho thay gi4 tri pH ¢ mua kho cao hon mua mua, ham lwgng Cd

trong nudc ¢ mua khod cao hon mua mua trung binh 13 2,5 1an. Trong d6, ham

luong Cd cao nhat & mua kho dat 0,087 mg/l, thap nhét dat 0,065 mg/l gap 6-8 lan

s0 voi ngudng cho phép caa cot B - QCVN 08/2015/BTNMT. Ham luong Cd thap

nhat vao mua mua dat 0,026 mg/l va cao nhat mua kho dat 0,034 mg/l, cao hon
quy dinh tai cot B1 - QCVN 08/2015/BTNMT 2-3 Ian.

Thuc trang mot sé chi s6 6 nhiém moi trudng nude xung quanh cac co s&
khai th4c mé & Thai Nguyén nam 2012 cho thay ham luwong trung binh cua chi va
cadimi trong nuéc bé mat cao hon QCVN 08:2008/BTNMT: chi cao gap 3,2 lan;
cadimi cao gap 2 lan. Phan I6n cac mau (tir 61,1 dén 77,8%) vuot QCVN vé chi
va cadimi (Ha Xuéan Son, 2015).

Theo B&o cdo hién trang méi truong qudc gia giai doan 2011-2015, nhin
chung, chat lwong nudc mat & thugng ngudn cac luu vuc song cua Viét Nam con
tuong ddi tét. Tuy nhién, 6 nhiém va suy thoéi chat luong nudc tiép tuc xay ra &
nhiéu doan, tap trung & ving trung luu va ha luu (dic biét 1a cac doan chay qua
khu vuc d6 thi, khu céng nghiép, lang nghé), nhiéu noi 6 nhidém di & muc
nghiém trong, nhu ¢ luu vuc sdng Nhué - Pay, luu vuc sdng Cau, luu vuc hé
thdng song Pong Nai.

Két qua danh gia hién trang 6 nhiém KLN trong nuwdc va tram tich trén cac
kénh, rach, sdng, sudi tiéu luu vuc ha luu song Sai Gon cho thay hau hét cac
KLN van nam trong gigi han cho phép theo QCVN 08-MT:2015/BTNMT, tuy
nhién mot sé6 KLN trong nuéc ¢6 dau hiéu ting manh tai cudi tuyén khao sét,
nhét 13 tai RSG10 - noi tiép nhan nudc thai tir Khu cdng nghiép (KCN) Bong An.
Ngoai ra, két qua phan tich théng ké dit liéu ciing cho thay tai mdi vi tri lay mau,
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nong d6 KLN trong nudc twong quan yéu véi ham lugng KLN trong tram tich
(Nguyén Ngoc Huy & cs., 2018).

2.4. TONG QUAN CAC NGHIEN CUU TRONG VA NGOAI NUGC VE
GIOI HAN AN TOAN KIM LOAI NANG TRONG NUOC TUOI CHO RAU

2.4.1. Nhu ciu nwée twéi cho rau

Rau 1a cay trdng yéu cau dic biét cao ddi voi nudce, dé tao ra mot phan
san pham chat khé phai can 300 - 400 phan nudc. N6i chung, trong rau chira
t6i 75 - 95% nude. Néu khong duoc cung cap nudc day du va thuong xuyén thi
nang suat va chat luong rau s& giam xudng rd rét, tham chi khéng cho thu hoach.
Thiéu nuéc rau chong gia cdi, nhiéu xo, dang... Tuy nhién nudc nhiéu qua ciling
lam giam pham chét rau vi ham luong duong, nong dd mudi hoa tan giam. Nudc
nhiéu con 1am cho cac mé mém yéu, giam sic chdng chiu sau bénh va chiu han
(Lé Thi Nguyén, 2001).

Nhu cau nuéc caa cay rau 1on 1a do cay rau c6 bo ré thuong phéat trién nong,
it c6 kha nang hat duoc nudc & ting dat sdu; mat do trong 16n, dién tich 14 trén mot
cdy cao, nén mat nuéc nhiéu. Vi vay, rau yéu cau cung cap nudc thuong xuyén véi
lwong nudc nho dé dam bao cho bo r& va phan trén mat dat phat trién tot.

Dya Va0 yéu cau ciia rau d6i véi nude, ¢d thé phan nhom nhu sau:

Loai yéu cau nudc cao, tiéu hao nhiéu nudc: loai ndy co nguon goc noi am
uot, dién tich 14 16n, miat 14 khong c6 16ng, thoat hoi nudc 16n, bo ré phan bb &
tang dat mat, doi hoi d6 am dat va do6 am khong khi tuong d6i cao. Do am dat
thich hop nhat 12 80% (do am dong ruong) va do am khong khi tir 85-95%. Gom
¢6 cac cay nhu cai xanh bép, cai xanh bao, cac loai cai xanh 14 khac, dua chuot...

Loai tiéu hao nudc it, hit nudc manh, loai nay cé bo 1a 1on, mat 1& co6 16ng,
bo ré khoe, phan nhanh nhiéu, an sau. Cé kha ning hit nuéc & 16p dat sau, chiu
dugc khoé han. Trong loai nay: dién hinh 12 bi ngd, dua hau, dua thom. Yéu cau do
am dat 70-80% va do am khong khi 45-55%.

Loai tiéu hao nuéc it, hit nuwdc yéu, loai nay thuong c6 bd 14 nho, hinh dng
hay det, mat 14 co 16p sap mong, co tac dung lam giam su thoat hoi nudc. Bo ré
phét trién kém, phan bé cha yéu ¢ 16p dat mat. Trong loai nay c6 hanh, toi. Yéu
cau do am dat 70-80% (do am dong ruong) va dd am khong khi 45-55%.

Loai tiéu hao nude trung binh, hut nudc trung binh, than Ia loai nay nho
hon loai thir nhét, than 1a thuong c6 16ng, bo ré phat trién hon loai thir nhat
nhung lai kém hon loai thir hai, kha ning chdng chiu han trung binh. Trong loai
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ndy c6 rau dn ré cu (cu cai xanh) va cac loai rau dn qua, 6t, dau (trir dau Ha Lan).
Yéu cau d6 4m dat 70-80% va do am khdng khi 55-65%.

Loai tiéu hao nudc rat nhanh, hut nudc yéu d6 1a cac loai rau séng dudi
nudc, than 14 mém yéu, khi nhiét dé cao béc hoi nhanh va manh, bo ré phét trién
kém nhu ngo sen, ¢t 4u, ca nigng...

Nhom rau an 14 thyc hién trong luan &n gom cai xanh, xa lach, méng toi 1a
nhom cay tiéu hao nuwéc nhiéu, nhu cau nudc cao.

2.4.2. O nhiém kim loai ning trong rau do sir dung ngudn nuée twéi bi 6 nhidm

Tich tu KLN chu yéu xay ra ¢ cac bo phan an duoc cta thuc vt nhu 1a va
ré, c6 thé dan dén giam chét lugng cy trong va gay ra mdi de doa cho suc khoe
con ngudi va dong vat. Nhiéu nghién ciu di danh gia sy tich tu cac chat 6 nhiém
hitu co va v co trong cac loai rau dn dwgc khac nhau vi tim quan trong cua
chung d6i véi ché d6 an udng cua con nguoi. Nhitng nghién ctu ndy cho thiy
rang rau co6 thé dugc st dung dé danh gia chat luong cia nudc tudi va dat trong
va du doan cac rui ro suc khoe cong ddong (Ngweme & cs., 2020). Viéc tudi rau
bang nudéc thai 1a thuc té phd bién & cac nudc dang phét trién c6 thé dan dén sy
tich tu cac KLN doc hai trong céc loai cay trong nay (Tarig, 2021).

Nghién ctru tich 1ty Cu, Ni, Zn, Cr, Fe, Mn, Co va Pb trong hanh tay
(Allium cepa), toi (Allium sativum), ca chua (Solanum lycopersicum) va ca tim
(Solanum melongena) duoc tudi bang nudc thai & Mardan, Pakistan. KLN trong
rau duoc tudi bang nuéc thai cao hon dang ké so voi nuwéc giéng. Hanh tay
(Allium cepa) la rau bi 6 nhiém ning véi ham lugng Mn (28,05 mg/kg) trong cac
phan in duoc I6n hon 50 1an so véi tudi nuée giéng (Amin & cs., 2013).

Nong d6 Ni, Pb, Cd va Cr trong cac phan an duoc cua dau bap duoc tudi
bang nudc thai & khu vuc cach 110km vé phia déng bac caa thanh phé Jeddah
thuc phia tay cia A Rap Xé Ut trong nam 2010 va 2011 l1an luot vuot qua gidi
han an toan & 90%, 28%, 83% va 63% cua cac mau. Cac KLN trong phén an
dugc nhu sau: Cr > Zn > Ni > Cd > Mn > Pb > Cu > Fe. Trong truong hop nay,
ngudn nude twdi duoc coi 1a nguon gay & nhiém (Balkhair & Ashraf, 2016;
Olayiwola & Bernard, 2016; Danjuma & Abdulkadir, 2018).

Tac dong cua cac ngudn tudi khac nhau dén su hap thu kim loai (Cd, Pb,
Zn, Cr, Cu, Ni va Fe) cua Ca chua (Solanum lycopersicum), Hanh tay (Allium
cepa L.), Hd tiéu (Capsicum annuum L.) va Bau (Phaseolus vulgaris L.) trong
& tinh Nevsehir, Tho Nhi Ky cho thay néng d6 KLN trong rau duoc tudi bang
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nudc thai va nudc séng cao hon dang ké so voi nudc giéng va vuot qua gidi
han cho phép cia WHO/FAO. Trong sé cac phan an dugc cua rau, hanh tay tich
tu tdi da Fe va Cr; Sy tich lily Zn va Pb duoc xac dinh trong ca chua, tiép theo
1a Ni trong dau, trong khi Cd va Cu cao trong ho tiéu (Leblebici & Kar, 2018).

Cay rau mui, cai xoong, rau diép va rau bina dugc tudi bang nuéc thai ¢
viing Kahrizak, & ria phia nam cua thi d6 Tehran, Iran cho thiy rau bina va vuon
cai xoong tich liiy ndng d6 KLN cao hon so véi rau mui va rau diép theo gigi han
cho phép. Cac la nam phia trong cua rau diép c6 nong do KLN thap hon so voi
cac la bén ngoai hoac la cua cac cay rau khac (Souri & cs., 2018).

Bé6n loai Brassica (B. campestris, B. juncea, B. napus va B. nigra), duoc
tuéi nudc thai hoan toan trong 2 nim di giy ra sy tich tu KLN trong tat
ca cac loai cay trong thuoc ho Brassica va vuot xa giGi han an toan trong thoi
gian tudi kha 1au (70 ngay va 105 ngay sau khi gieo). Tuy nhién, khi tudi trong
khoang thoi gian t6i da 35 ngay ( ké tir ngay gieo) thi ham lwong KLN trong
nhém rau nay lai an toan (Sahay & cs., 2019).

Cao & cs. (2020) da nghién ciru sy tich liiy KLN trong dat va tdm loai rau
trong khu vuc dugc tudi bang nuéc thai mé axit & ving Dabaoshan, tinh Quang
Pong cua Trung Qudc. Két qua cho thiy, tat ca cac mau dat va rau déu chira ham
lugng KLN (Cu, Zn, Cr, As, Pb va Cd) vuot qué tiéu chuan cho phép ciia nudc
nay vé ham luong KLN trong dat san xuit néng nghiép va trong thuc pham. Pic
biét voi rau mudng, cai xanh thia va ca tim la nhiing loai rau cé chia Cr,
Pb va Cd vuot qué tiéu chuan mét cach dang ké. Do vay, khi tiéu thy 3 loai rau
nay c6 nguy co anh huang sic khoe 16n nhat (Cao & cs., 2020).

Tac gia Berihun & cs. (2021) xac dinh mac d6 6 nhiém kim loai cua
c4c loai rau (cai xanh xoan Ethiopia, bap cai xanh, cai xanh Thuy Si, rau diép,
hanh tay, ca chua va khoai tay) khi tuéi nuéc séng o thanh phd Gondar, Ethiopia,
cd ndng db trung binh (tinh bang mg/l) caa Cr (0,5), Cd (0,046) va Cu (1,80)
trong cadc mau nudc tudi cao hon gisi han do US EPA (2004) dit ra. Khi dé
c4c mau rau duoc tudi, ndng do trung binh caa Cd, Ni va Pb (lan luot 14 0,23-6,25;
7,41 - 51,85 va 0 - 9,52 mg/kg) déu vuot qua gidi han do té chic WHO/FAO dua
ra. Cai xanh xoan Thuy Si va khoai tdy duoc phat hién c6 chira ham lugng Pb cao
nhét, trong khi cai xanh xodn Ethiopia c6 ham luong cao bi nhiém Cd va Cr. Ddi
v6i cac mau dat, c6 ndng do trung binh (mg/kg) cua Pb (138,09 - 259,24), Ni
(85,18 - 259,26) va Cd (4,63 - 20,37) vuot qua gii han t6i da duoc khuyén nghi
do FAO dat ra (Berihun & cs., 2021).
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Tai Viét Nam, ham luong Pb, As trong rau, qua (rau muéng, méng toi, cai
xanh, ngai ctu, rau ngét, khoai lang, chudi, du du...) tréng tai cac ving xung
quanh xuong luyén kim mau Thai Nguyén cao hon muac an toan cho phép tu 2
dén 6 1an (Luong Thi Hong Van & Nguyén Mai Hug, 2002).

Pham Ngoc Thuy & cs. (2006) di diéu tra hién trang vé Pb, Hg, As, Cd
trong dat nudc va mot sb rau trong ¢ khu vuc Pong Anh, Ha Noi. Két qua diéu
tra cho thady mot sé mau rau nhu xa lach, rau mudng, cai xanh cuc, cai xanh
bap, cai xanh ngot, hanh hoa, cai xanh thao... bi & nhiém Pb va Cd, rat it mau
rau bi 6 nhiém As va Hg... Nguyén nhan la do nong do Pb va Cd (néng d6 > 0,2;
0,5 mg/l) trong nude tudi da 1am ham luong c4c chat trong rau ting 1én dang ké
(ndéng d6 Pb va Cd vuot ngudng an toan cho phép theo tiéu chuan WHO).

Pham Thi Thu Hang (2008) da nghién ciru va khang dinh quan hé chat ché
gitta ham lugng Pb, Cd va As trong nudc tudi vai trong rau nhu sau: Nudc tudi
chira Pb > 0,1ppm, Cd > 0,01ppm va As > 0,1ppm lam 6 nhiém cai canh va la
cai cu; Qua dau cove leo bi 6 nhiém khi tudi nudc chira As > 0,1ppm; Khi nuéc
tudi chira 2ppm Pb, 0,5ppm Cd va 1,0ppm As chua gdy 6 nhiém nhitng KLN
nay trong cu cai cu.

Tinh trang & nhiém nuéc trong kénh rach tai TP.HCM khién cho cac loai
rau séng dudi nudc tidu biéu nhu rau mudng, rau nhat bi nhidm KLN maot cach
nghiém trong. Nguyén do Ia do céc chat thai doc hai tir hang ngan nha may, co s
san xuat trén dia ban.

Bui Thi Kim Anh & cs. (2016) d3 tién hanh nghién ctu tich tu va cac nguy
co tiém an ddi vai sirc khoe cua cadimi, chi va asen trong mot sé loai rau an 1a
trong gan khu vuc khai thac mo ¢ mién Bac Viét Nam (Biac Kan, Ha Giang,
Tuyén Quang, Thai Nguyén). Két qua cho thay, c6 dén 70,6% mau rau cd ham
luong Pb vuot qua TCCP cua qudc té va 44,1% mau rau bi 6 nhiém As khi ma
chung duoc trong & khu vuc dat ruong bi 6 nhiém cadimi (Cd), chi (Pb) va asen
(As) va c6 nudce tudi bi nhidm Pb ( Bii Thi Kim Anh & cs., 2016).

Db Thi Hong Nhung & cs. (2018) xac dinh ham lwong KLN trén 3 loai rau
(rau mudng, cai xanh va rau rat) tai khu vuc caa huyén Binh Chanh, TP. H6 Chi
Minh trong 2 mia mua va mua kho thay rang c6 su lién quan twong d6i chat ché
gitta ham lwong Cd, Cr va Ni trong dat, nudc vai rau tréng: hau hét cac mau rau
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bi & nhidm Cd, Cr va Ni déu lién quan dén ngudn dat va nudc tudi bi & nhiém
nguyén té nay.

Nim 2020, Nguyén Thi Minh Ngoc khi nghién cau thuc trang 6 nhiém mot
s6 KLN trong méi trudng nudc, thuc pham, stc khoe dan cu & mot khu vuc ven
bién huyén Thiy Nguyén, Hai Phong da phan tich 27 mau rau tréng phd bién, co
thoi gian sinh truong tir 40-45 ngay tai khu vuc nghién ctu. Két qua cho thiy ty
16 mau rau c6 ham luong KLN vuot GHCP cao nhat & Pb (91,11%), tiép dén la
Cr (79,26%) va Cd (70,37%) va thap nhat & As (38,52%).

2.4.3. Gi6i han an toan vé kim loai niing trong nwéc twéi cho rau

Huéng dian chat lugng nuéc cho ndng nghiép cua FAO (Food and
Agriculture Organization) da dugc Ayers R.S.va Westcot D.W. soan thao 1985
(Ayres & Westcot, 1985). Pén nay, huéng dan nay van dang duoc &p dung tai
nhiéu Quéc gia trén thé gisi. Tiéu chuan nay 1a cong cu quan 1y duoc ap dung
thanh céng d6i vai hoat dong san xuat ndéng nghiép cé tudi & nhidu qudc gia. Do
Vi cac san pham ndng san, FAO ciing quy dinh ngudng gigi han an toan doi véi
mot s6 KLN c6 thé gay doc cho nong san va dat. Nong do ti da ciia KLN trong
nude tudi cho cay trong trén cac loai dit dugc Cuc Bao vé méi truong Hoa Ky
(EPA) khuyén céo ap dung chung cho céc ving tai bang 2.6.

Bang 2.6. Khuyén cdo gi¢i han cao nhat

cac thong so kim loai ning trong nuwéc tudi

Thong 50 Str dung dai han (mg/l) Str dung ngfm han (mg/l)
Arsen 0,10 2,0
Cadimi 0,01 0,05
Crom 0,1 1,0
Coban 0,05 50
Déng 0,2 50
Sat 5,0 20,0
Chi 5,0 10,0
Mangan 0,2 10,0
Molybden 0,01 0,05
Nicken 0,20 2,0
Kém 2,0 10,0

Ngudn: Rowe & Abdel-Magid (1995)
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Bién d6i khi hau, khan hiém va 6 nhiém ngudn nuéc da anh hudng rat 16n
dén st dung nudc trong néng nghiép. Nuéc thai tai st dung duoc coi nhu mot
ngudn nudc thay thé hd tro trong méi trudng ndng nghiép. Do 6, tiéu chuan chat
lwong 1a can thiét cho su an toan va thuc hanh néng nghiép bén vitng. Han Quéc,
My, Israel va mot s6 quéc gia dd xay dung tiéu chuan st dung nuéc thai di qua
xir Iy dé tudi cho cay trong bao gém cdy luong thyc, thuc pham va rau mau c6
thé sir dung truc tiép ma khéng qua ché bién va loai cy trong lwong thyc, thuc
pham va rau mau phai qua ché bién truéc khi s dung. Tai Canada, B Moi
truong dd ban hanh “Hudng din chat lugng nuéc cua Canada” vao nim 1987,
quy dinh cac théng s6 va céach sir dung chat lugng nuéc, bao gom loc nudc ubng,
su chung song cua céc sinh vat dudi nudce, nudc cho ndng nghiép, nude cho giai
tri va nugc cho cong nghiép. Cac tai lidu ky thuat nhu “Hudéng dan bao vé chat
lwgng nudc nbng nghiép” ¢ Canada va céc tai li¢u ky thuat khac dua ra cac yéu
cau kiém soat ddi voi chat luong nudce tudi ndng nghiép. Gidi han néng do duoc
khuyén nghi cho céc thong s kiém soat trong nudc tudi & Canada dugc thé hién
trong bang 2.7.

Bang 2.7. Giéi han ndng do

ciia kim loai ning dwgc khuyén nghi trong nwée twéi & Canada

TT  Thong sb kiém soat Nong d¢ toi da dwoc khuyén nghi (mg/l)
1 Chi 0,2
2 Cadimi 0,01
3  Dong 0,2 (cay trong nhay cam) - 1,0 (cdy trong chdng chiu)

Nguon: Van_Der_Gulik & cs. (1989)
Nghién ciu so sanh vé tiéu chuan gigi han KLN trong nudc tudi cho cay
trong ndng nghiép tai Trung Québc (GB 5084-2021) va Uc (2014) nhu trong
bang 2.8.
Bang 2.8. Gia tri tiéu chuan Cu, Pb, Cd
trong nuwéc twdi cho rau ciia Trung Qudc va Australia

TT Théng sb Trung Qudc Australia
1 Ddng (mg/) <1,0 0,2
2 chi(mgl) <0,2 0,2
3 Cadimi (mg/l) <0,01 0,01

Ngudn: Bai & cs. (2022)
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Tai Viét Nam, cac hudng dan, quy dinh vé chit lwong nuéc tudi hién nay
dua theo QCVN 08:2015/BTNMT do B6 Tai nguyén va Moi truong ban hanh
quy dinh gia tri gisi han cac thong s6 KLN an toan sir dung cho ndng nghiép,
duoc quy dinh nhu sau: Cu < 0,5 mg/l; Pb < 0,05 mg/l; Cd < 0,01 mg/l (Bo Tai
nguyén va Moi truong, 2015). Tuy nhién day la quy dinh chung cho nudc tudi
ma khong rd cu thé 12 loai rau hay cay trong nao. Nham muc dich bao vé stc
khoe cho ngudi tiéu dung trong nude ciing nhu duy tri thi trudng xuat khau, Bo
Nong nghiép va Phét trién nong thon di c6 thong tu sé 17/2011/TT-BNNPTNT
(6/4/2011) ban hanh quy dinh quan Iy san xuat, kinh doanh rau, qua va ché an
toan. Quy dinh nay ap dung dbi véi cac to chirc, ca nhan trong nudc va nudc
ngoai dang ky san xuat, kinh doanh rau, qua, ché; c4c t6 chic, ca nhan lién quan
dén chting nhan dua diéu kién san xuét, so ché; chang nhan va céng bd; kiém tra
va xu ly vi pham trong san xuat, kinh doanh rau, qua, ché an toan tai Viét Nam.
Trong quy dinh d3 néu mac giGi han téi da cho phép cua mot s6 KLN trong nudc
tudi cu thé nhu bang 2.9.

Bang 2.9. Mirc giéi han t6i da cho phép
ciia mdt s6 kim loai ning trong nuéc tudi
(Ban hanh kém theo thong tw s6 17/2011/TT-BNNPTNT (6/4/2011))

TT Nguyén t6 Mk giéi han tdi da cho phép (mg/l)  Phwong phap thir*
1  Thuyngan (Hg) 0,001 TCVN 5941:1995
2 Cadimi (Cd) 0,01 TCVN 665:2000
3 Arsen (As) 0,1 TCVN 665:2000
4 Chi(Pb) 0,1 TCVN 665:2000

Nguén: Bo Nong nghiép va Phat trién néng thén (2008; 2011)

Bang 2.10. Mirc toi da quy dinh Cd, Pb, Cu trong cac loai rau ci

o Mikc toi da (mg/kg)
Tén san pham
Cd Pb Cu
Rau ho Cai 0,05 0,3
Rau an than hanh 0,05 0,1
Rau an qua 0,05 0,1
Rau an 1a 0,2 0,3 30
Rau an cu va than cu 0,1 0,1
Rau in than va cudng 0,1 0,1

Ngudn: Bo Nong nghiép va Phat trién néng thdn (2007);
Bo Khoa hoc va Cong nghé (2015)
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Theo tiéu chuan qubc gia TCVN 4832:2015 14 tiéu chuan da dugc ban hanh
ap dung CODEX STAN tai Viét Nam quy dinh gi6i han an toan ddi voi Cd, Pb
trong rau va Quyét dinh s6 106/2007/QB-BNN dbi voi Cu nhu bang 2.10.

Mtc Cd téi da cho phép trong rau duoc Reichman & cs. (2014) bao céo
rang mot so loai rau cua Uc va Bangladesh cd chira ndng d¢6 Cd cao hon mirc
gidi han ti da tiéu chuan cua Uc (0,1 mg/kg). Theo FAO/WHO, gia tri Cd téi da
cho phép 13 0,2 mg/kg trong rau. Ngoai ra, FAO va WHO ciing quy dinh mét s6
gigi han KLN khac trong rau an la dugc trinh bay trong bang 2.11.

Bang 2.11. Gia tri t6i da cho phép

cua FAO/WHO cua kim loai nang trong rau an la

Nguyén tb Gi4 tri tbi da cho phép (mg/kg)
Cd 0,20
Pb 0,30
Ni 67,90
Fe 425,50
Cu 73,70
Zn 99,40

Ngudn: FAO/WHO (2019)

Tai Viét Nam, QCVN 8-2:2011/BYT do Ban soan thao Quy chuan k§ thuat

qudc gia vé gidi han & nhiém héa hoc va sinh hoc, Cuc An toan vé sinh thuc

pham trinh duyét va dugc ban hanh theo Théng tu s6 02/2011/TT-BYT ngay 13

thang 01 nam 2011 cta Bo truong Bo Y té. Trong Quy chuan nay quy dinh gidi
han 6 nhidm KLN trong thuc pham va cac yéu cau quan ly cd lién quan.

Bing 2.12. Gi6éi han 6 nhiém Cd va Pb trong rau cii

2 Cd Pb
TT Tén thuec pham
(mg/kg)
1 Rauho thap tu (cai) 0,05 0,3
2 Hanh 0,05 0,1
3 Rauin qua (khong bao gdm ca chua, nim) 0,05 0,1
4 Rauin l4 (khong bao gom rau bina) 0,2 0,3
5 Rauho dau 0,1 0,2
6 Rauan ci va in ré (khong bao gdm khoai tay chua got vo, can tay) 0,1 0,1
7 Rau an than 0,1 -

Ngudn: Bo Y té (2011)
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Théng tu s6 17/2011/TT-BNNPTNT (6/4/2011) da ban hanh quy dinh quan
ly san xuat, kinh doanh rau, qua va ché an toan. Trong quy dinh di dwa ra muc
gidi han téi da cho phép ctia mot s6 KLN trong dét va trong nude tudi, mot s6 Vi
sinh vat va hoa chét gay hai trong san pham rau, qua.

Bang 2.13. Mirc gi¢i han t6i da cho phép

ciia mdt s6 hoa chit gy hai trong san pham rau, qua

Kim loai . Gi6i han tdi da Phuong phap
STT ning Loai rau cho phép (mg/kg) thi*

1 Chi(Pb)  -Caibép,rauanla 0,3

TCVN 7602:2007
- Qua, rau khac 0,1
2  Cadimi - Rau an 14, rau thom, nAm 0,1

(Cd) . 5 tha S
Raq afl than, rau an cu, 0,2 TCVN 7603:2007
khoali tay
- Rau khéc va qua 0,05
Ngudn: Bo Néng nghiép va Phat trién nong thon (2011; 2008)
Tém lai:

Tich lity KLN (Cu, Pb, Cd) trong rau an la dwoc danh gia la co nguy co
danh huong rat 1én dén sirc khoe ciia nguoi tidu dung. Nghién cizu téng quan cho
thay mét sé khu viec siz dung nguon nuwée twdi nhiém KLN (dac biét 1a cac hé
thong thay loi Ién tdp trung ¢ viing déng dan cu, do dnh hwong cia nuéc thdi
sinh hogt va sdn xudt) da xuat hién dau hiéu tich liiy KLN cao trong rau dn Ia.
Tich lity KLN trong rau dn ld phy thugc vao Cac yéu té nhuw tinh chdt dat (pH,
chat hitu co, thanh phan cap hat, ham lwong KLN Sdn ¢6 trong ddt), chdt lirong
nguon nude tudi (pH, ham lwong KLN...), diéu kién khi hdu, heong muwa. Bén
canh dé, céc loai rau ¢é dac diém sinh ly thuc vdt khac nhau, nhu cau nudc khac
nhau cting ¢6 kha nang hap phy KLN khéc nhau.

Gidi han an toan KLN doi Véi rau dn ld dwoc quy dinh rat khac nhau bgi
cac Quoc gia va cac vung 1anh thé. Tham chi 1a céc tiéu chuan &p dung cua céc
Quéc gia hay viing ciing rat khac so véi tiéu chuan Quac té nhw FAO hay WHO.
Li do ciing dwoc 1gp lugn rd bgi cac tinh chat vé thé nhwéng, ving khi hau va
logi cdy trong. Ngodi ra, gidi han KLN trong nudc twéi ciing duoc quy dinh va
khuyén cdo khdc nhau giita cdc tiéu chudn va quy chudn ciia Quéc gia va Quoc té.
Cadimi, dwgc té chivc Néng lwong Lién hop quéc FAO “Tiéu chudn mede néng

nghiép” khuyén nghi néng do t6i da ciia cadimi trong nuée twéi la 0,01 mg/l doi
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Vi tudi dai han. Nhung tiéu chudn niede tuwéi cua My lai khuyén nghj rang gidi
han nong do can kiém soat cAc muc trong nwde twdi la 0,01 mg/l (tdi dai han),
0,05 mg/l (i ngan han, 20 nam); Poi véi Canada, lai quy dinh gidi han Cd 1a
0,005 mg/l. Trong khi doi véi Viét Nam quy dinh gidi han tiéu chudn Cd theo
QCVN 08-MT:2015/BTNMT cét B la 0,01 mg/l. Pong, dwoc FAO quy dinh trong
“Tiéu chudn nwéc ndng nghiép” véi chi so toi da cho phép trong nudc twéi 1a
0,2 mg/l; “Tiéu chuan Quéc gia cua My khuyén ngh; rang gisi han nong dé cua
cac thanh phan kiém sodt trong mieée twdi la 0,2 mg/l (twdi dai han), 2 mg/l (twdi
ngan han). “Hwéng ddn cia Canada vé bao vé chat hieong niréc ndng nghiép”
quy dinh rang gidéi han nong dgé Cu trong mede tudi doi Véi cay trong nhay cam
la 0,2 mg/l va déi véi cay trong khéng nhgy cam la 1,0 mg/l. QCVN
08:2015/BTNMT cua Viét Nam lgi quy dinh gigi han Cu trong nwéc cap cho
nong nghiép la 0,5mg/l thi an toan. Chi dwoc quy dinh boi FAO trong “Tiéu
chudn nwéc ndng nghiép ”, gi6i han chi trong nwée twdi la 5 mg/l va “Tiéu chuan
chdt lwong nuwéc khuyén nghi quéc gia” cia My quy dinh gidi han néng dé
khuyén ngh; trong nuée twdi la 5 mg/l (doi véi viée tuéi dai han), 1én dén 10 mg/l
(doi Véi twéi ngan han, 20 ndm); Nhung Pb lai dwoc quy dinh rat thap trong
“Huwéng dan Bdo vé Chdt lwong nuwéc ndng nghiép ¢ Canada”, gi6i han chi la
0,2 mg/l. Tai QCVN 08:2015/BTNMT lgi quy dinh giéi han Pb trong nuwéc cdp
cho néng nghiép 1a 0,05 mg/I thi an toan déi Véi ngueoi tiéu dung.

Nhuw vay, Viéc xac dinh gidi han an toan KLN trong nuéc twdi cho rau an la
trong diéu Kién nén thé nhuéng, ddc trung cua khi hdu va nguén nude tudi cua
viing PBSH trong giai doan hién nay sé c¢é y nghia khoa hoc va thyc tién gidp
cho cdng tac qudn 1y diéu hanh, khai thac va bdo vé nguén nude twéi tir cong
trinh thay lgi mét cach hiéu qud, gop phan cho san xudt néng nghiép sach, bao
vé sirc khée céng dong.

2.5. TONG QUAN GIAl PHAP GIAM THIEU TiCH LUY KIM LOAI
NANG TRONG PAT VA THUC VAT

Cb dinh héa ly 1a mot qua trinh trong d6 cac kim loai doc hai duoc chuyén
thanh dang héa hoc khdng hoa tan hoic khdng hoat dong trong céac hé théng sinh
hoc (Porter & cs., 2004). Than sinh hoc va zeolit, 3 duoc cong nhan 12 c6 thé cai
thién dat bi 6 nhidm bang cach ¢b dinh céc kim loai doc (Bashir & cs., 2019). St
dung than sinh hoc va zeolite duoc coi 1a phuong phap xir ly dat than thien voi
moi trudng va tiét kiém chi phi (Jadia & Fulekar, 2008).
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2.5.1. Sir dung chat cai tao dat c6 ngudn géc hiru co

Chat cai tao dat la cac chét phu gia ma khi tron ching vao dat ¢ kha ning
cai thién cac dic tinh vat ly cua dat nhu kha ning gitt nuée, thim nudc, that thoat
nudc, thong khi va céu tric cua dat (Madejon & cs., 2006). Viéc sir dung céac
chat cai tao dat cd ngudn gdc hiru co s& lam ting ham lwong cacbon hiru co hoa
tan (DOC) trong dat, tir ¢6 tao phtc kim loai véi DOC hoa tan 6n dinh va han
ché sy hap thu Cd vao cay trong. Bén canh do6, cc axit mun trong chét hitu co
cling 1am tang kha ning hap thu kim loai cia cac chat hiru co (bao gom phan
dong vat, chat ran sinh hoc, phan tron, tan du cay trong va than sinh hoc) (Bolan
& cs., 2014; Hamid & cs., 2020).

Than sinh hoc (TSH) 1a vat liéu cacbon (C) c6 thé duoc san xuat tir cac loai
chat thai sinh hoc khac nhau nhu phu pham néng nghiép (rom ra, vo trau), vun
g6, phan chudng, 14 cay... bang ky thuat nhiét phan trong diéu kién thiéu oxi
(Gonzaga & cs., 2017). Trén toan cau, 500 triéu tan phu pham cay trong dugc san
Xuat mdi nam duéi dang san pham phu caa mia, 1Ga my, cha 1a va co dau (Inyang
& cs., 2016). Viéc bon bo sung than sinh hoc vao dat néng nghiép khong chi cai
thién tinh chat va do phi nhiéu cua dat ma con cé dinh KLN trong dat. Than sinh
hoc c6 d6 x6p cao, dién tich bé mit riéng 16n va kha nang trao ddi ion manh 1a
cac yéu té quan trong quyét dinh kha ning hap phu KLN, do d6 lam giam kha
nang st hap thu KLN cua thuc vat (Ping & cs., 2016). B6 sung than sinh hoc véi
ty 16 10% khéi lwong lam giam dang ké Cd va Pb c6 trong dat bi 6 nhidm lan luot
1a 71% va 92% (Houben & cs., 2013). Than sinh hoc nhiét phan tur rac thai nha
bép, than ngd va vo dau phong c6 kha ning giam Pb va Cd trong dat 6 nhiém lan
luot la 22,61-71,01%; 18,54-64,35% va 3,28-60,25% déng thoi lam giam su
tich lity Cd va Pb trong ré&, than va l4 cua rau mudng lan luot 1a 45,43-97,68%;
59,13-96,64% va 63,90-99,28% & liéu 60,00 mg/kg (Xu & cs., 2020). Bé sung
TSH vao dat 6 nhiém Pb va Cd c6 tac dung lam giam héap thu kim loai nay
(Mahar & cs., 2015). Sy hap thu kim loai ning cua rau diép giam dang ké khi ty
I¢ st dung than sinh hoc tang 1én (Kim Hyuck-Soo & cs., 2015). Bashir & cs.
(2019) quan sat thay rang TSH lam giam qua trinh loc Cd bang céch 6n dinh Cd
trong dat. Than sinh hoc dugc 1am tir phan ga va chét thai xanh l1am giam dang
ké su tich liiy Cd, Cu va Pb trong cay cai Brassica juncea (Park & cs., 2011).
Viéc sir dung TSH ¢ ngudn gbc tir rom ra (6% khdi lwong) giam su hap thu
Pb, Cu & cay ca chua lan luot 12 36 va 66% va 29 va 61% trong cAc mau chdi va
ré (Rizwan & cs., 2021).
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Nghién ctu cua Tran Viét Cuong & cs. (2015) cho thiy d6i véi dat gay
nhiém Pb, mic bd sung 1% TSH c6 tac dung 1am giam 39,1% kim loai va mac bo
sung 5% TSH c¢6 tac dung lam giam 85,8% kim loai tich lily trong rau mudng so
v6i d6i chiing. Than sinh hoc ¢6 ngudn gdc tir rom ra chira cac chat dinh dudng da
lwgng c6 gia tri (ddc biét 1A N va P) va mot sé ion kim loai (vi du Ca?* va Mg?"),
dong vai trd quan trong trong viéc cai thién do phi nhiéu cua dat va sy phat trién
cua cay trong (He & cs., 2017). Ngoai ra, sir dung cac loai than sinh hoc khac nhau
dé cai tao dét cd tiém nang 16n trong viéc 6n dinh Cd va do dé cai thién tinh chat
cua dat (Suksabye & cs., 2016). Than sinh hoc hap phu Cd? chu yéu thong qua
bdn co ché:

(1) Két tua véi cac nhém COs%, PO,*, OH" (Chang & cs., 2019).

(2) Trao doi véi cc ion kim loai kiém (K*, Na*, CaZ*, Mg?*) (Lian & cs., 2020).

(3) Phdi hop véi cac céu tric giau electron © nhu nhe C = C, C = N, -CH
(Yu & cs., 2018).

(4) Tao phac véi cdc nhom chuac chira oxy (OFG) nhu -OH va -COOH
(Chen & cs., 2021).

Mbi nam nudc ta ¢6 khoang 52 triéu tin phu pham tir néng nghiép, hién nay
méi khoang hon 10% phu pham néng nghiép duoc st dung lam than sinh hoc
hodc phan bon, thirc dn gia suc, trong nam..., con lai hon 80% dwoc thai bo ra
moi trudng hodc d6t, gay 6 nhiém nguoén nude va gia ting khi nha kinh.

Rom ra tir san xuat laa duoc coi 12 ngudn vat liéu rat tt dé cai tao dat. Qué
trinh phan hity rom ra dan dén hinh thanh céc hat chét hiru co va chat hiru co hoa
tan trong dat (Shu & cs., 2016). Ching déu gidu nhoém chiic nén s& lién két manh
véi kim loai va do d6 lam giam tinh di dong va kha dung sinh hoc cua chung
(Dong & cs., 2010). Cac nghién ctru dd phat hién ra rang viéc tron rom ra rat hiru
ich dé giam kha ning di chuyén cua cac chat doc hai trong dat. B sung rom ra lam
giam tinh di dong cia Cd va Pb trong dat (Ok & cs., 2011). Xu & cs. (2016) bao
C40 rang rom trd lai & mac 1% lam giam dang ké su hap thu Cd trong chdi ngé.

Do d6, viéc tan dung vo trau va rom ra 1am than sinh hoc 1a hoan toan c6 thé
thuc hién dai tra va giam chi phi san xuit trong canh tac. Viéc tan dung cac vat liéu
nay trong san xuat vira c6 ¥ nghia trong linh vic ndng nghiép tuan hoan vira giam
thiéu viéc dbt rom ra trén dong ruong gay 6 nhidm mai trudng hién nay.
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2.5.2. Swr dung vat li¢u khoang sét

Cac vat liéu khoang sét nhu montmorillonit, palygorskit, kaolinit, bentonite,
zeolite, sepiolite, perlite... 1 cac vat liéu hap phu KLN c6 hiéu qua cao. Nguyén
nhan 1a do khoang sét co dién tich bé mat cao, kha ning trao d6i ion cao va sy
thay d6i bé mat linh hoat theo pH (Lin & Juang, 2002). Tuy nhién nhiing vat liéu
nay (ngoai trir cac chat hitu co) ciing c6 nhitng han ché nhu: thay d6i tinh chat
cua dat nhu ting pH, giam két cau dat, anh huong dén sinh truong cua lGa nén
han ché &p dung. Cac khoang chat nhu sepiolite, zeolite va apatite da duoc st
dung rong rii dé xa ly moi truong bi 6 nhiém kim loai.

Zeolite 13 vat liéu than thién véi méi treong va chi phi thap voi dac tinh hap
phu va trao ddi ion tot nho cau trac khong gian dic biét cua nd. St dung zeolite
véi ty 18 thich hop c6 thé 1am giam kha ning di chuyén cua KLN trong moéi
truong dat va han ché kha nang tiép can sinh hoc ciia ching (Zheng & cs., 2020).
Str dung zeolite véi ty 1& (20 g/ kg) c6 thé 1am giam ndng d6 Pb trong phan an
duoc (chdi) cua cdy cai dau téi 30% Pb trong dat bi 6 nhiém nghiém trong
(2.000 mg/kg) (Li & cs., 2009). B6 sung zeolite lam giam déng ké kha ning hoa
tan Pb (giam tir 50 dén 60%) va hiéu qua nhat doi véi luong zeolite bo sung 14
10% khdi lugng. Viéc nang cao ty Ié thém vao cua zeolite khdng cai thién két
qua nay (Moirou & cs., 2001). Viéc bd sung zeolite vao dit di ning cao do pH
cua dat va ting cuong kha nang hap phu kim loai, do d6 1am giam su hap thu
kim loai cua thuc vat (Hasanabadi & cs., 2015). Ham lugng Pb, Cd, Cu va Zn
trong bap cai, ré va chdi ngd giam sau khi st dung zeolite (Lahori & cs.,
2020). Nghién ctu cua Yi & cs. (2019) cho thay zeolite 1am ting d6 pH cua dat
va 1am giam hoat dong sinh hoc cia KLN trong dét cua cay.

2.6. PINH HUONG NGHIEN CcUU

Nghién ctu téng quan cho thay tich liy KLN (Cu, Pb, Cd) trong dat ndng
nghiép, nudc tudi va rau an 14 da duoc thuc hién trong nhiéu nghién cau trén Thé
gigi va ¢ Viét Nam. Giéi han an toan trong nudc tudi cia cac KLN da dugc quy
dinh trong tiéu chuan tudi cia mot s6 nuée cling nhu & Viét Nam. Tuy nhién, c6
su khac nhau gitra cdc Quéc gia, cac ving va khac so véi ca tidu chuan cua
FAO/WHO. Tai Viét Nam, da c6 mot s6 nghién ctu khao sat va danh gia nong
d6 KLN trong dat néng nghiép va tich lity KLN trong rau, nhung chua c6 nghién

ctru ndo dé xac dinh gidi han an toan KLN trong nudc tudi cho rau in 14. Trong
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khi gan day cac hé thdng thay loi ving ddng bang séng Hong ndi riéng va ca
nuédc ndi chung dang phai d6i mat véi ngudn nude tudi & nhiém nghiém trong,
tiém an nhiéu nguy co tich liy trong rau, anh hudng dén sirc khoe cong dong.

Két qua tong quan nghién ctru ciing chi ra rang viéc sir dung vat liéu phdi
tron c6 ngudn gdoc tu nhién ¢ kha nang han ché tinh linh dong cua KLN (Pb, Cd)
trong moi truong dat, tir d6 lam giam su hap thu KLN cua thyc vat.

Do vay, luan an tap trung nghién ctru xac dinh gigi han an toan KLN trong
nudc tudi cho rau an 14 trén dat phu sa ving DPBSH va bién phép giam thiéu tich
lity KLN trong rau do nudc tudi 6 nhiém.
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PHAN 3. NOI DUNG VA PHUONG PHAP NGHIEN CUU

3.1. POI TUQNG VA VAT LIEU NGHIEN CUU
3.1.1. Péi twgng nghién ciru

- Nghién cru lya chon nhém rau an 14 gdm cai xanh, xa lach, mong toi vi day
la nhém chiém ty trong I6n trong céc loai rau dugc san xuét ciing nhu st dung &
Viét Nam noi chung va véi ving PBSH néi riéng. La nhom rau duoc trong pho
bién tai dia phuong, c6 dic diém sinh truong phu hop véi didu kién tho nhudng
va khi hau cua ving dong bang séng Hong. Bén canh d6, gidng c6 qua trinh sinh
tredng ngan ngay nén thuan loi cho qué trinh bé tri, theo ddi thi nghiém mot cach
lién tyc. Chung c6 lugng calo, chat béo thap, nhiéu chat xo, vitamin C, vitamin A,
lutein va acid forlic...

- Nghién ctu lya chon ngudn nudc bi 6 nhidm va 3 kim loai nang gom Cu,
Pb va Cd trong nudc tudi. Dya theo két qua nghién ciu tong quan, chat lugng
nudc tudi cua mot sé hé thong thuy loi vimg PBSH (Bic Hung Hai, song Nhug,
Bic Pudng, Bic Nam Ha...) dang bi 6 nhidm hiru co, vi sinh va kim loai ning,
tinh trang 6 nhiém c6 nguy co gia ting mirc d6 theo thoi gian. Trong sé kim loai
nang co trong nude tudi cia khu vyc thi da xuat hién Cu, Pb, Cd. Ngoai ra, Cu la
mét trong nhitng nguyén t6 vi lugng d6i voi cay rau nén c6 kha nang tich lity
cao, Pb va Cd la nguyén t6 gay doc cao dbi voi suc khoe nén can dugc nghién
Cttu gidi han cho phép trong nudc tudi.
3.1.2. Vat liéu nghién ciru
3.1.2.1. Ciy trong
Chon nhém cay rau tréng dai tra tai khu vuc nghién ctu, gém:

- Gidng xa lach Rapido 344 (Lactuca sativa L.) dugc nhap tir Thai Lan, la
loai rau an séng quan trong va phd bién ¢ Viét Nam

- Giéng Méng toi (Basella alba L.) 14 to HMT16.

- Cai xanh (Brassica juncea L.), gidng sir dung trong thi nghiém la gidng
cai xanh mo Hoang Mai.

3.1.2.2. Phéin bén, héa chit va cdc vit liéu khdc

Phan bon &p dung theo khuyén cdo: St dung Urea (46% N), 1an Super
(17% P20s), Kali sunfat (52% K-0).
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Hoéa chat st dung dé tao nudc cd nong d6 Pb, Cd va Cu gom mudi
Pb(NO3)2, CuSO4 va Cd(NO3)2 c6 do tinh khiét cao ciia Merck.

Vit lidu cai tao dat han ché tich liy KLN gom: zeolite, than sinh hoc, rom
. Vi chiing khéng 1am anh huéng dén ning suét, khong dua thém chét doc hai
vao méi truong dat, chi phi thap va d& 4p dung. Rom ra, than sinh hoc tir vo triu
la nhitng vat liéu c6 ham luong Si cao (ngudn phu pham ndng nghiép cé sin) va
khoéng sét zeolite (chat cai tao dat tét, kha ning trao doi cation cao, c6 thé hap
phu hiéu qua cac kim loai nang nhu Cd, Pb).

Khoang sét zeolite: Dang bot vai duong Kinh hat trung binh < 0,01mm, cé
ngudn gdc tir mo khoang san & Tam B6, Di Linh, Lam Péng. Vat liéu c6 pH
6,86, dung tich hap thu trao ddi cation (CEC) 1a 99,02 cmolc kg™.

Than sinh hoc: Puoc str dung trong thi nghiém 1a loai tro trdu duoc hun
theo cach truyén thong, nhiét do hun vao khoang 400-550°C. V4t liéu c6 pH
kiém yéu (7,62), dung tich trao doi cation (CEC) thap 11,82 cmolc kg™

Rom u st dung dé phdi tron trong thi nghiém 1a loai phan sir dung cac
nguyén liéu rom ra, tron ché pham sinh hoc Emuniv va u trong 1 thang. Vat liéu
c6 pH kiém yéu (7,18), dung tich trao ddi cation (CEC) la 18,73 cmolc kg™.

3.2. NOI DUNG NGHIEN CcUU

(1) Banh gia hién trang Cu, Pb, Cd trong nudc tudi va rau tai khu vuc st
dung nudc tudi tir mot s hé thong thuy loi ving dong bang séng Hong.

(2) Xac dinh gigi han an toan néng do Cu, Pb, Cd trong nudc tudi cho rau
cai xanh, xa lach, mong toi trong trén dat phu sa séng Hong.

(3) Giai phap giam thiéu tich liiy Pb, Cd cho rau cai xanh, xa lach, mong toi
do nuéc tudi 6 nhiém.
3.3. PHUONG PHAP NGHIEN CUU

3.3.1. Phwong phap thu thap thong tin va khao sat thue dia

Thu thap cac tai liéu lién quan dén dia hinh, dién bién chat luong nuéc trén
c4c HTTL Bac Hung Hai, Bic Pudng, song Nhué. S liéu vé cay trong: giong;
dic tinh sinh Iy, cac k§ thuat canh tac (1am dat, tudi, bon phan...), sb liéu vé tinh
chat dat phi sa séng Hong trung tinh.

Thu thap céc tai liéu, sé liéu vé thuc trang san xuét rau tai khu vuc DPBSH
tir cac phong, ban nganh lién quan nhu S& N6éng nghiép va Phat trién ndng thén,
Téng cuc Théng ké.
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Khao sat hién trang KLN trong nuéc tai HTTL Bic Hung Hai, Bic Dudng,

sdng Nhué trong nam 2020 va 2021.

3.3.2. Phwong phap bé tri thi nghiém

3.3.2.1. Thi nghiém (1) anh hwéng ciia Cu, Pb, Cd trong nwéc twdi dén sinh
trwong, nang sudt va sw tich liiy ciia chiing trong rau cdi xanh, xa ldch, méng toi

Thi nghiém duoc thuc hién véi muce dich nghién ciru anh huéng cua ham
lugng Cu, Pb, Cd trong nudc tudi dén sinh trudng, ning suat va su tich lily cua
ching trong cai xanh, xa lach, méng toi cling nhu trong dat tréng rau qua 3 vu
lién tiép trong nam 2019. Thi nghiém chau vai dugc bd tri tai nha ludi 6 mai che
tai Khoa Tai nguyén va Moi treong, Hoc vién Nong nghiép Viét Nam.

Co sé lya chon cac mic bo sung Cu, Pb, Cd vao nudc tudi:

- Dya trén quy chuan ky thuat quoc gia vé chat lugng nudc mat QCVN
08:2015/BTNMT), cot B1 - nudc dung cho muc dich tudi tiéu, thuy loi véi nong
d6 Cu, Pb, Cd (mg/l hay ppm) twong ng la 0,5; 0,05 va 0,01.

- S6 liéu quan trac tir nam 2015 dén 2018 cua Vién Quy hoach Thuy loi va
Vién Nudc, Tudi tiéu va Mbi truong vé hién trang KLN trong nudc tudi trén cac
HTTL vang DPBSH, mét s6 khu vuc d3 xuat hién KLN trong nuéc tudi vuot gidi
han 2-3 lan.

- Dura trén két qua nghién cau tong quan vé giéi han ndng d6 cua Cu trong
nudc tudi cua to chizc FAO, Canada, Trung Quéc va Australia. Lya chon mic thi
nghiém thtr nhat caa Cu 14 0,2 (mg/l hay ppm).

Béang 3.1. Ham lwgng Cu, Pb, Cd trong nuéc tuwdi

trén mot s6 hé théng thiy lgi ving dong bing song Hong

Don vi: mg/l
7T Kmil loai Bic Hung Hai Song Nhué Bic Pudng
nang  Muamwa Muakhd Muamwa Muakhd Muamwa Muakho
1 Cu 0,09 0,54 0,2 0,6 0,08 0,12
Pb 0,32 0,41 0,04 0,1 0,01 0,05
3 Cd 0,02 0,05 0,08 0,1 0,09 0,02

Ngudn: Vién QHTL va Vién Nudc, Tudi tiéu va Mbi trudng tir nam 2015 dén 2018

- Dai Nong do Cu, Pb, Cd trong thi nghiém Iya chon mic bang va cao hon
theo quy chuin cho phép. Ngudng cao nhat gap 10 1an so véi gia tri ham luong
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I6n nhat cia KLN nay trong nude tudi theo sb liéu quan tric tai Bang 3.1. Ham
luong nay c6 thé xay ra trong trudng hop nude tudi bi anh hudng truc tiép tur
ngudn xa thai cdng nghiép.

Thi nghiém gom 6 coéng thic, thiét ké theo kiéu hoan toan ngiu nhién
(CRD) véi 3 lan 13p lai (twong duwong 3 chau) cho mdi cong thuc.

- Thi nghiém 1.1: Anh hwéng ciia Pb trong nwde tudi

CT1: Tudi nude khdng nhim Pb (Béi chizng) (PbO)

CT 2: Tudi nuéc nhiém 0,1ppm Pb (Pb0,1)

CT 3: Tudi nuéc nhiém 0,5ppm Pb (Pb0,5)

CT 4: Tudi nuéc nhiém 1ppm Pb (Pb1,0)

CT 5: Tudi nuéc nhiém 2ppm Pb (Pb2,0)

CT 6: Tudi nuéc nhiém 4ppm Pb (Pb4,0).

- Thi nghiém 1.2: Anh hweng ciia Cu trong nwéc tudi

CT1: Tudi nudc khdng nhiém Cu (Béi chizng) (Cu0)

CT 2: Tudi nuéc nhiém 0,2ppm Cu (Cu0,2)

CT 3: Tudi nuéc nhiém 0,5ppm Cu (Cu0,5)

CT 4: Tudi nuéc nhiém 0,8ppm Cu (Cu0,8)

CT 5: Tudi nuéc nhiém 1,6ppm Cu (Cul,6)

CT 6: Tudi nuéc nhiém 2ppm Cu (Cu2,0).

- Thi nghiém1.3: Anh huong ciia Cd trong niede twdi

CT1: Tudi nudc khdng nhiém Cd (Déi chizng) (CdO)

CT 2: Tudi nuéc nhiém 0,01ppm Cd (Cd0,01)

CT 3: Tudi nuéc nhiém 0,05ppm Cd (Cd0,05)

CT 4: Tudi nuéc nhiém 0,1ppm Cd (Cd0,1)

CT 5: Tudi nuéc nhiém 0,5ppm Cd (Cd0,5)

CT 6: Tudi nuéc nhiém 1ppm Cd (Cd1,0).

Chau str dung dé b tri thi nghiém c6 kich thuéc 62cm x 40cm x 20cm.
Céch day chau 3cm c6 mot tim phén duoc duc 16 dung dé ngan cach 16p dat tiép
xic v6i mat day cua chau. Mdi chau chira 25kg dat.
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O mdi chau thi nghiém, 30 hat gidng (cai xanh/xa lach/mdng toi) sau khi
dugc ngdm 1, gieo vao 6 hoc (5 hat/hdc), khoang cach 20cm x 20cm. Sau khi
gieo hat xong lap mét 16p dit mong khoang 1cm. Khi cay c6 14 that thir nhat, mdi
hdc dé lai mot cay khoe dé nghién ctu.

Béang 3.2. Thoi vu cia rau trong thi nghiém

Ngay gieo hat Ngay thu hoach
STT Loairau
Vul Vu2 Vu3 Vul Vu2 Vu3l
1  Caixanh 10/3 1/5 22/6 14/4 5/6 2717
2 Xaléach 2/3 4/5 3/9 18/4 20/6 20/10
3 Mong toi 4/3 26/4 23/6 19/4 10/6 7/8

Pat nén thi nghiém:

Pét phu sa trung tinh PBSH (Eutric Fluvisols) thudc khu vuc Gia Lam -
Ha Noi. Pay 1a nhom dat dién hinh chiém ti 1& 16n tai khu vuc. Hién nay, nhiéu
dién tich dat trong rau xanh dang sir dung nudc tudi bi 6 nhiém dé tudi. Pat
dung lam thi nghiém duoc phoi kho khong khi, loai bo séi da, ré va la cay, lam
am dén 15%. Tinh chat dat thi nghiém nhu sau: thanh phan co gidi thit trung
binh vé&i 26% sét, 55,88% limon va 18,12% cat; d6 am ti da dong rudng (theo
% thé tich) 1a 44,1%; dung trong dat 1a 1,0 g/cm?® pHKCI 6,4; CEC 17,8
meq/100g; OM 1 2,53%; P.Os dé tiéu 9,4 mg/100g dat; K,O dé tiéu la 20,1
mg/100g dat; N dé tiéu 1a 10,5 mg/100g dat. Ham luong Pb dang di dong trong
dat (Pbga) 12 1,98 mg/kg; Cu la 20,24 mg/kg va Cd 1a 0,02 mg/kg.

Tudi nuwéc: Ap dung phuwong phéap tudi nho giot voi hé théng day tudi nho
giot cuia hing Netafim, co duong kinh 6,3mm. Theo sé liéu khao sét thuc
nghiém, luu luong voi nhé giot 1a 0,43 1/h, ban kinh tudi cia mdi voi nho giot 1a
0,05m, khoang céch gitra cac voi nho giot 1a 20cm.

Béang 3.3. Luwgng nuéc tudi cho rau

DPon vi tinh: lit/\vy/chau

Lwong nwéc twdi Cai xanh Xa lach Mong toi
Vul 7,2 7,8 7,8
Vu?2 10,5 13,2 12,6
Vu 3 11,2 12,8 13,0
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3.3.2.2. Thi nghiém (2) dnh hwong ciia nwéc twi trén hé thong thiiy loi dién hinh
tai vung d(’)“ng b&ng song Héng dén cdi xanh, xa lich, m(“ing toi
a. Vitri

Khu ruong trong mau tai thén L& X4, xa Pa Tén, huyén Gia Lam, Ha Noi.
Dién tich trong rau nay nam doc theo séng Cau Bay.

+ Toa dd vi tri: 21°10°42.38N - 106°02°57.05E;

+ Ngudn nuée tudi: LAy nudce tudi tir sbng Cau Bay.

Lya chon khu vuc nay 1am khu khao nghiém anh hudéng cia ngudn nuéc
tudi 6 nhiém KLN dén chit luong rau. Boi vi, day 1a ving dic thd cua dat pho sa
séng Hong, khu vuc c6 dién tich canh tac rau 16n. Kénh Cau Bay di qua céc
phuong Gia Thuy, B6 Pé, Giang Bién, Viét Hung thudc quan Long Bién, Ha
Noi; mot phan qua huyén Gia Lam va d6 vao hé thong thay loi Bic Hung Hai tai
clra X4 Xuan Thuy, xa Kiéu Ky, Gia Lam. Nudc bi 6 nhiém do tac dong cua ca
ngudn thai sinh hoat va cong nghiép, nudc 6 nhiém hitu co va KLN. Hién tai
nuéc sdng Cau Bay hién van 1a ngudn tudi cho dién tich dat canh tac ndng
nghiép khu vuc Long Bién - Gia Lam (Trau Quy, Pa Tén, Pong Du, Kiéu Ky),
ngudi dan van dung dé tudi rau.

b. B6 tri va theo déi thi nghiém

Thi nghiém duoc bd tri theo khdi ngau nhién day d¢u (RCBD) vai 3 lan lap
lai véi 3 loai rau. Dién tich moi 6 thi nghiém la 5m2. Puoc thuc hién trong 2 vu
tir 01/10 dén 25/11 nam 2019 va 2020. Trong khoang thoi gian giita 2 vy rau thi
nghiém, dat duoc nghi, khéng canh tac.

Pat nén thi nghiém:

Dit thi nghiém 13 dat phu sa trung tinh DPBSH. Dt tang canh tac c6 tinh
chat nhu sau: sét 12,0%, limon 46,5% va cat 41,5%; dung trong 1,3 g/cm3; 46 am
t6i da dong rudng 31% (TLPK); pHKCI 6,8; OC dat 1,48 %; Ham luong P,Osdt
va Ko0dt twong tmg 14 47,4 va 10,8 mg/100g dat; Ham lugng dam thay phan Ntp
dat 12,3 mg/100g dat; CEC cua dat 17,6 meq/100g dat; Ham luong Cu, Pb, Cd
lan luot 1a 18,70; 8,21; 0,64 va 186,49 mg/kg dat kho.

Tuéi nudc: St dung nude sdng Cau Bay (doan chay qua khu vic bé tri thi
nghiém) thudc hé théng thuy lgi Bic Hung Hai dé tudi. Cong thire d6i chung st
dung nuéc giéng khoan (nudc khong bi 6 nhiém). Ap dung phuong phép tudi
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mat dat (ding 6 doa lay nudéc truc tiép dé tudi déu 18n trén mat ludng). Theo sé
liéu theo ddi thyc nghiém, lugng nudce tudi cho méi 6 thi nghiem véi 3 loai rau:
723 1it (2019) va 506 lit (ndm 2020). Tuong duong véi 1445 m¥ha (2019) va
1012 m¥ha (2020).

3.3.2.3. Thi nghig¢m (3) gidi phdp gidm thiéu tich liiy Pb, Cd trong nwéc twéi cho
rau cdi xanh, xa lach, m(;ng toi

Thi nghiém sir dung vat liéu 1a zeolite (ty 18 phdi tron 1-3%), than sinh
hoc va rom 1 (ty 1é 2,5-5%) dua trén mot sé tiéu chi: khdng lam anh huéng
dén nang Suét, khong dua thém chit doc hai vao moi truong dat, it tac dong dén
moi trudng dat, chi phi thap va dé ap dung. Nghién ctru da Iya chon rom ra, than
sinh hoc tir vo trau la nhitng vat liéu c6 ham luong Si cao (ngudn phu pham néng
nghiép co san) va khoang sét zeolite (chat cai tao dat tot, kha nang trao doi cation
cao, cd thé hap phu hiéu qua cac kim loai ning nhu Cd, Pb).

Ty 1& phdi tron zeolite, than sinh hoc va rom u trong thi nghiém duya trén
cac nghién ctu trén thé gisi. Theo (Li & cs., 2009) vai liéu lugng zeolite thich
hop (20g/kg) c6 thé 1am giam ndng do Pb trong phan dn duogc (than) cua cay cai
dau téi 30% Pb trong dat bi & nhidm nghiém trong; ty 1¢ 0,5; 1; 1,5% zeolite xir
1y Cd trong dat trong cai xanh (Yi & cs., 2019); lya chon ty Ié phdi tron 5-10%
zeolite ¢6 tac dung giam hap thu Cu va Zn & cay lia (Lee & cs., 2019); ap dung
ty 16 2% zeolite 1am giam tinh kha dung cua Cu, Pb, Cd, Zn trong dat trong cai
xanh (Derakhshan & Jung, 2017). Ty I¢é phdi tron rom @ 5% cho ¢ dinh Cd trong
dat trong rau bi 6 nhidm (Chen & cs., 2020; Rizwan & cs., 2017). Céc ti 1é than
sinh hoc dugc lya chon ciing dwoc dya trén cac nghién ciru méi nhat cua vai ti 16
TSH 1,25% va 3% trong dét trong rau (Bashir & cs., 2020); Chen & cs. (2020)
lwa chon ti Ié biochar tbi vu 5% cho ¢6 dinh Cd.

Thi nghiém gom 08 cong thuc, bd tri hoan toan ngau nhién (CRD), tai khu
nha luéi c6 mai che cua Khoa Tai nguyén va Moéi truong, Hoc vién Néng nghiép
Viét Nam. Mdi cong thiic thi nghiém duoc 13p lai 3 1an (03 chau), mdi chau (hinh
luc gi4c canh 15cm) chira 4kg dat va trdng 2 cay.

Cai xanh, xa lach, méng toi duogc gieo trong khay wom, sau khi c6 2 14 that
dugce dem trong vao chau thi nghiém. B4 tri trdng lién tuc 3 vu (trong nim 2020).
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Béang 3.4. Thoi vu cia rau trong thi nghiém

Ngay trong Ngay thu hoach
STT Loairau
Vul Vu 2 Vu3 Vul Vu 2 Vu3
1 Cai xanh 16/6 15/8 1/10 1217 12/9 28/10
2 Xa lach 16/6 15/8 1/10 23/7 21/9 5/11
3  Mongtoi 16/6 15/8 1/10 21/7 20/9 8/11

Bang 3.5. Mo ta cong thire thi nghiém

Ty 1¢ phdi tron Cong thire
Dat nén khong bo sung vat liéu CT1 (Ddi chimg)
Pt nén + zeolite 1% (40 g/chau) CT2
Pit nén + zeolite 2% (80 g/chau) CT3
Dt nén + zeolite 3% (120 g/chau) CT4
D4t nén + than sinh hoc 2,5% (100 g/chau) CT5
Dét nén + than sinh hoc 5% (200 g/chau) CT6
Dt nén + rom 1 2,5% (100 g/chau) CT7
Dét nén + rom 1 5% (200 g/chau) CT8

Dt nén duoc tron véi véi cac vat liéu (zeolite, than sinh hoc va rom 1) theo
tirng cong thac cho san vao chau trudc khi tréng. Ham lugng P2Osts la 0,29%);
K2Ots 1a 1,8%; Ham luong Nts 14 0,17%. Ham luong Pb va Cd tong sb trong dat
14 14,94 va 0,53 mg/kg.

Nudc tudi: Str dung dung dich Pb néng d6 0,5ppm va Cd nong do 0,1ppm
dugc pha bang nudc sach véi mudi Pb(NOs)2 va Cd(NOs)2 dé tudi mdi lan.

Béang 3.6. Luwgng nuéc tudi cho rau

DPon vi tinh: lit/vy/chau

Lwong nuéc tudi Cii xanh Xa lach Mong toi
Vul 8,8 10,5 10,3
Vu?2 8,5 10,3 9,8
Vu 3 8,7 10,2 10,0
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3.3.3. Phwong phap theo déi cac chi tiéu
3.3.3.1. Chi tiéu sinh truong, sinh ly

- Chiéu cao cay (cm): Chiéu cao cay dugc do lan dau sau khi gieo 10
ngay véi Cai xanh, 21 ngay véi xa lach va 20 ngay véi mong toi sau d6 dinh
ky 5 ngay/lan. Cach do: Dung thudc do chia cm do tir goc (sat mat dat) dén vot
la cao nhat.

- S6 1a/cay (14): Pém 5 ngay 1 lan.

- Ham luong diép luc (Chi s6 SPAD): Ham luong diép luc (chlorophyll)
duoc do bang Chlorophyll meter SPAD - 502 Plus (Konica Minolta) véi don vi
la SPAD; mdi cay lay 3 1a ddng nhat tinh tir ngon xudng, chi tiéu duoc lay khi
két thac tirng dot thi nghiém.
3.3.3.2. Chi tiéu néiing sudt

Ning suat thyc thu: Can tat ca sinh khéi phan an dwoc cua rau trong chau
(véi thi nghiém chau vai) va can toan bo rau trén 6 thi nghiém (véi thi nghiém
dong ruong).
3.3.3.3. Theo doi lwong nudc twoi
a. Thi nghiém (1)

Tuéi nuée nhiém KLN (Cu, Pb, Cd) véi cac nong d6 khac nhau duoc thuc
hién sau khi cay c6 3-4 14 that. Giam sat d6 4m dat bang Tensiometer 100. Khi
d6 am dat & cac chau thi nghiém xudng dudi 70% d6 am téi da ddng ruong, thé
hién gié tri quan trac 1a -40kPa thi tudi bang ky thuat tudi nho giot. Luu lwong
vOi nho giot 13 0,43 1/h. Khi d6 am dét dat t6i 100% d6 am téi da, (twong duong
d6 am 44,1% theo thé tich), hoic thé hién gia tri quan tric 1a -11kPa trén thiét
bi tensiometer.

Nhu cau nuée tudi (IR) duoc tinh theo cong thuc:
IR=>"m,
i=1

Trong d6: m 1a lwong nudc cua lan tudi tha i; n 12 s6 lan tudi

Véi tudi nho giot (thi nghiém 1), lwong nude tudi mdi lan trén mot don vi
dién tich nhu sau:

m = 10.ahn.h.d.(Bdr — B0) (m*/ha)

Trong d6: ahn 14 ty I& dién tich cip nuéc cua cay trong
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Hinh 3.1. Quan hé giira @6 am va sirc hiit nwéc cia dat

Theo Bui Hiéu (1994), ty 1¢ dién tich cap nuéc caa cay trong do tudi nho

giot dugc tinh nhu sau:
ahn = n.ahi/(b1.b2)

Trong do:

n: s6 voi nho giot cho mot cay

ahi: dién tich 1am am caia mot voi nho giot (m?)

Bén kinh tuéi ciia mdi voi nho giot 1a 0,05m (két qua khao sat thuc nghiém)

b1: Khoang cach gitra cac cay (m)

b2: Khoang cach giira cic hang cay (m)
b. Thi nghiém (2) va (3)

Luong nude tudi mdi lan:

m = 10*h.d.(Bar — Bo) (M*/ha)

Trong do:

h: chiéu sau lép dat can 1am am (m)

d: dung trong dat (tan/m?)

Bar: 46 am toi da dong ruong (%TLPK)

Bo: d6 Am trude khi tudi (%TLPK)

Dua trén d6 am téi da ddng ruong va khoang d6 am dat thich hop cho céc
loai rau an 14 néi chung, sir dung may do nhanh d6 am dt dé xac dinh thoi diém
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tudi. DO am téi da duoc xac dinh bang cach dung 6ng dung trong dé 1y mau dit,
ngdm mau trong nudc dén khi dat bio hoa. Sau d6 nhic ra khoang 1-2 gio dén
khi khong con nuéc nho xudng. Do am dat ¢ thoi diém nay twong wng véi do am
t6i da. Xac dinh do am bang phuong phap say (nhiét d6 105°C).

Luong nudc tudi duoc quy doi twong dwong véi dién tich 6/chau thi nghiém.
3.3.4. Phuong phap xac dinh giéi han t6i da cho phép ham lwong Cu, Pb, Cd
trong nwoc twoi

Theo tac gia Kumari & cs. (2021), mo hinh Tobit duoc sir dung pho bién
trong nhiéu linh vuc nham du bdo mot bién phu thudc gan voi mot gia tri
ngudng gidi han. Nhiéu tac gia da van dung mé hinh Tobit trong cac diéu kién
tuwong tu V4i nghién ciru nay va da cho két qua dy béo tin cay. Chang han nhu
dé xac dinh liéu hiéu qua caa mot loai thudc bang cach phan tich di lidu dap
trng liéu theo dd dwoc &p dung trong nghién ctu caa (Wang, 2009). Viéc sir
dung Tobit di dugc chitng minh 1a ¢6 hiéu qua khi du béo néng do chat gay 6
nhiém nudc ngam trong khu vuc san xuat néng nghiép & Chuncheon, Han Quéc
(Lim & cs., 2010).

M® hinh Tobit (Tobin, 1958) c6 dang nhu sau:

_BxX; +u; ify;>0
Y7o if y. <0

u, ~ IN(0,6%)
Trong do:

y 12 ham luwong Cu, Pb, Cd trong rau. C4c bién x giai thich cho bién y.

X1: Ham lugng Cu, Pb, Cd trong nudc tudi; X2: Ham lugng Cu, Pb, Cd
trong dat.

U'6e tinh tham sé:

Ham phan phéi chuan:

Ham phan phéi tich liy:
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Do d6, ham kha ning ctia mé hinh Tobit duoc viét nhu sau:

I

y;>0 Y 9 y;i<0 Y

M6 hinh Tobit sir dung phuong phap hop 1y tdi da (ML) cua cac tham sé B
va & ¢0 thé thu duoc bang cach t6i da hoa ham kha ning & trén ddi véi p va .

Trong trudng hop nay, bién phu thuéc (ham luong Cu, Pb, Cd trong rau)
da duoc kiém duyét tai mac Pb = 0,3 mg/kg rau khd, Cd = 0,2 mg/kg rau khd
va Cu = 30 mg/kg rau kho, day 1a muc t6i da (ML) cia KLN trong rau in 14
theo QCVN 8-2:2011/BYT va Qb 106/2007/QDb-BNN.
3.3.5. Phwong phap danh gia rai ro sic khée

Rui ro suc khoe tiém an cua viéc tiéu thu KLN qua rau, duoc phan tich dya
trén Iwgng KLN tiéu thu hang ngay (DIM) (Khan S. & cs., 2008b; Chary & cs.,
2008), chi s6 rui ro suc khoe (HRI) va chi s6 nguy co muc tiéu (THQ):

Luogng tiéu thu hang ngay (DIM) tinh dya trén cong thic:

CmxCfxD
BW

DIM =

Trong do:

Cm: Nong do kim loai ning c6 trong rau (mg/kg)

Cf: Hé s6 chuyén d6i khdi luong rau tuoi so v6i rau di siy khd

Cfc = Cfx = 0,05; Cfm = 0,07

D: Luogng rau tiéu thu hang ngay (Nguoi Viét Nam trung binh tiéu thu rau
khoang 0,2 kg/nguoi/ngay)

BW: Khéi luong trung binh caa ngudi Viét Nam (BW = 51,5kg).

Chi s6 rui ro stc khoe (HRI) dugc tinh bang cong thic:

HRI = 2M
RfD

Chi s6 nguy co muc tiéu (THQ) duoc tinh:

EFXEDxFIxC
x10
RfDx BW x AT

THQ =
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Trong do:

RfD: liéu lwgng tham chiéu lan luwot 1a 0,04: 0,004, 0,001 mg/kg thé
trong/ngay cho Cu, Pb, Cd (Jan & cs., 2010).

EF: tan suat phoi nhiém (365 ngay/nim)

ED: thoi gian phoi nhiém (73,6 nim)

FI: ty suat hap thu (0,2 kg/ngudi/ngay)

C: ndng d6 phoi nhiém (mg/kg)

AT: Thoi gian tiép xdc véi KLN trung binh (ED x 365 ngay/nim).

Néu gia tri cia THQ nho hon 1 thi viéc tiép xuc dugc cho la an toan (Mao
& cs., 2019).

3.3.6. Phwong phap lay mau va xir Iy mau
3.3.6.1. Méu rau
Phuong phap 13y va xir Iy mau rau duoc thuc hién theo TCVN 9016:2011.

3.3.6.2. Méu dit
Thi nghiém trong chau: Mau dat duoc 1y & ting mat co do sau tir 0-10cm
sau khi thu hoach rau ¢ tit ca cac chau. Phuong phap 14y mau, bao quan va xir ly
mau dat 4p dung theo cac tiéu chuan: TCVN 7538-2:2005 (ISO 10381-2:2002).
Thi nghiém déng ruong: Mau dat duoc lay & tang dat mat (0-20cm) theo
duong chéo, tai vi tri 1dy miu cdy. Phuong phap 1dy mau, bao quan va xir Iy mau
dat 4p dung theo céc tiéu chuan: TCVN 7538-2:2005 (ISO 10381-2:2002).

3.3.6.3. Méu nuéc

Tai thi nghiém ngoai dong ruong, mau nudc dugc lay ¢ cac thoi diém tudi
theo TCVN 6663-6:2018. Mau nuéc duoc dung trong chai nhua 0,51 va dugc
axit hda ngay bang HNOs 1M dén pH = 2 rdi dua vé phong thi nghiém dé phan
tich. Mau nuée duoc xt Iy va bao quan theo TCVN 6663-3:2008.

3.3.7. Phuong phap phan tich miu

Mau dugc phan tich bang cac thiét bi 10 pha mau vi séng, may quang phd
hip phu nguyén ti... tai phong thi nghiém Dat, Nudc, Méi trudng; Phong thi
nghiém Hoéa Moi truong, Truong Pai hoc Thuy loi; Vién Hod, Vién Han lam
Khoa hoc Viét Nam.
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Bang 3.7. Phwong phéap phén tich cac chi tiéu caa dit, nuéce va rau

Az Ky So hiéu, Phwong pha
STT Thong so hié%l tiéu chuin .zip dung phéngtﬁ:h P
MAu dit
1 D6 chua trao doi PHkci=  TCVN 5979:2007 pH meter
2 Cacbonhitucotongsd  OC  TCVN8941:2011  Walkley va Black
3  Dbam thuy phan Ntp - Tiurin va Kononova
4 Landétiéu P,Osdt TCVN 8661:2011  Olsen
5  Kali dé tiéu K.Odt TCVN8662:2011  Matslova, AAS
6 Dung lugng cationtrao  CEC ~ TCVN 8568:2010 Phuong phap dung
doi amoni axetat
7 Thanh phan co gi6i TPCG TCVN 5257:1990 Phuong phap dung 6ng
hut Robinson
8 DPéng Cu TCVN 6496:2009 Phuong phap phd hap
9 chi Pb thu nguyén tir (AAS)
10 Cadimi Cd
Maiu nudéc
11  pH pH  TCVN6492:1999 Do truc tiép bang may
pH
12 Do duc Poduc APHA =2130.B May do Turb-350 IR
(1998)
13 Nhiét 46 to - Po bing nhiét ké
14  Tbong chat ran lo ling TSS  APHA 2540.D Phuong phap xac dinh
(1998) tong chat ran lo limg say
khé & 103-105°C
15  Amoni N-NH;*  APHA 4500.D-NHs  Phuong phép tric pho
hap thu phan tr
16  Phosphate PO  APHA 4500.E-PO;  Phuong phap so mau
(phuong phép xanh
Molipdat).
17  Ham lugng oxy hoa tan DO - May do hién truong
18  Chi Pb  TCVN®6193:1996  Phuong phap phd hip
19  Cadimi Cd  TCVN6197:2008  thunguyén tir (AAS)
20 Pong Cu  TCVN 6193:1996
MAu rau
21  Chi Pb  TCVN7766:2007  Phuong phap phd hip
22 Cadimi Cd  TCVN7768:2007  thunguyén tir (AAS)
23 Pong Cu  TCVN 6541:1999
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3.3.8. Xir ly s6 liéu

Dénh gia muc do 6 nhiém cho ting ddi twong (dat, nudc, rau), nghién ctu
st dung Quy chuan Viét Nam, quy dinh ctia Bo Y té:

+ Trong nuéc: Theo QCVN 08-MT:2015/BTNMT cot B1 (Bo Tai Nguyén
Va Méi Trudng, 2015).

+ Trong dat: Theo quy chuin QCVN 03-MT:2015/BTNMT (Bo Tai
Nguyén Mbi Truong, 2015).

+ Trong rau: Theo quy chuan QCVN 8-2:2011/BYT va Quyét dinh sb
106/2007/QP - BNN cta Bo NN&PTNT quy dinh vé quan ly, san xuat va ching
nhan rau an toan thi ham leong Cu < 30 mg/kg (B6 Néng Nghiép Va Phét Trién
No6ng Thon, 2007).

S6 liéu duoc tong hop trén phan mém Microsoft Excel. Sir dung phan mém
R (4.2) trong phén tich phuong sai (ANOVA). Cac gia tri trung binh dugc so
sanh bang Tukey test & do tin cay 95%.

Phan tich hoi quy Tobit Sir dung phan mém Stata phién ban 17.0.
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PHAN 4. KET QUA NGHIEN CUU VA THAO LUAN

4.1. PANH GIA HIEN TRANG Cu, Pb, Cd TRONG NUOC TUOI VA RAU
TAl KHU VUC SU DUNG NUOC TUOI TU HE THONG THUY LQI
VUNG PONG BANG SONG HONG

4.1.1. Hién trang Cu, Pb, Cd trong nwéc twéi trén mat sé6 hé thong thiy loi
viing dong bang séng Hong

Pic diém chung cia cac HTTL ving PBSH 1a nim trong ving dong dan
cu, nhiéu khu cdng nghiép, d6 thi va cac lang nghé phat trién. Cac HTTL 1a noi
tiép nhan phan 16n khéi lwong nuéc thai chua dugc xir ly hoac xir Iy khong dat
yéu cau. Boi vay, nhiéu HTTL thudc ving dong bang, ving ven d6, viing cong
nghiép phét trién, ngudn nude da bi 6 nhiém véi mac d6 ngay cang gia ting.
Trong d6, Bic Hung Hai, sdng Nhué va Bic Pudng la cac HTTL trong ving c6
muic do 6 nhiém cao.

Pé tai da tién hanh lay mau nuéc tudi trén kénh thuoc HTTL Bac Hung Hai,
séng Nhug, Bac Pudng va phan tich dai dién 5 dot tudi trong 2 giai doan nam
2020 (thang 2 dén thang 4; thang 9 dén thang 11) va nim 2021 (thang 2 dén
thang 4) qua 3 vu san xuat. Két qua phan tich ham luong Cu, Pb, Cd trong nudc
duoc thé hién trong bang 4.1.

Bang 4.1. Ham lwgng Cu, Pb, Cd trong nwéc twéi & mot sé6 hé thong thiy loi

Don vi: ppm
TT HTTL Cu Pb Cd
1  Bic Hung Hai 0,85+ 0,25 020+0,19  0,04+0,01
2 Song Nhué 0,87 +0,35 012+0,07  0,07+0,01
3 Bic Pudng 0,77+0,25 0,15+0,07  0,07+0,01
4 QCVN 08:2015/BTNMT 0,5 0,05 0,01

Ngudn: Két qua khao sat (TB + SD, n = 5) nim 2020 va 2021.

So sanh voi ngudng cho phép theo QCVN 08-MT:2015/BTNMT nhan thiy
ham luong Cu, Pb va Cd trong nuéc tudi déu vuot GHCP. Ham lugng Cu trong
nuéc trén 3 HTTL sbng cao gap 1,5 - 1,7 1an GHCP, véi sdng Nhué theo khao
st & mac 6 nhiém 16n nhat (0,87ppm) va thap nhat 1a trén HTTL Bac Pudng
(0,77ppm). Ham lugng Pb trong nudc tr 0,12 - 0,2ppm, vuot GHCP tir 2,4 - 4
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lan, theo tha ty trén HTTL Bic Hung Ha > Bic Pudng > S6ng Nhué. Chi tiéu
Cadimi (Cd) trén ca 3 HTTL, nuéc déu ¢d dau hiéu bi 6 nhiém, ham luong trung
binh dao dong trong khoang 0,04-0,07ppm, cao gap 4 - 7 1an GHCP.

Nguyén nhan chinh la cac kénh tudi thuéc cac HTTL nay ngoai nhiém vu
tudi phuc vy san xuat néng nghiép con 1a noi chira nuéc thai cho cac khu cong
nghiép, khu san xuat, cac lang nghé tha cong va di qua nhiéu khu dan cu.

4.1.2. Ham lwgng Kim loai ning trong rau tai khu vuc sir dung nwéc twéi cia
mét sé hé thong thay lgi

Phuong Khic Xuyén, thanh phd Bac Ninh c¢6 dién tich trong rau trén 500ha,
nam trong luu vuc tudi Ngit Huyén Khé thuoc hé théng thiy lgi Bic Pudng. Day
la khu vuc cung cap khéi luong 16n rau xanh cho thanh phé Bac Ninh va Ha Nai.
Nhung hién nay, dat canh tic va nudc tudi trong khu vuc bi anh huong béi cac
ngudn xa thai tir cong nghiép va lang nghé tai ché kim loai. Két qua phan tich
KLN trong rau xanh & phuong Khiac Xuyén dugc thé hién trong bang 4.2.

Bang 4.2. Ham lwgng Cu, Pb, Cd trong rau
khu vue sir dung nuéc twéi tir hé thong thiy loi Bic Pudng

Pon vi: mg/kg rau khé

Loai rau Cu Pb Cd
Vu Xuén He 2020
Cai xanh 76+0,3 0,31+0,01 0,042 + 0,001
Xa lach 8,7+£0,2 0,34 +0,02 0,051 + 0,002
Mong toi 6,1+0,3 0,26 + 0,02 0,027 + 0,003
Vu Dong 2020
Cai xanh 72+04 0,35+0,03 0,043 + 0,003
Xa lach 79+£0,3 0,41 +0,02 0,047 + 0,003
Mong toi 6,2+0,2 0,28 + 0,04 0,028 + 0,001
Vu Xuan He 2021
Cai xanh 6,2+0,5 0,28 + 0,02 0,052 + 0,002
Xa lach 75+£05 033+0,03 0,051 + 0,001
Mbng toi 6,1+0,3 0,27 £ 0,03 0,027 + 0,002
TCVN 30** 0,3* 0,2*

Ghi chi: * QCVN 8-2 :2011/BYT; TCVN 4832:2015/BKHCN; **QDb 106/2007/QD-BNN (n = 3).
Két qua cho thdy ham lugng Cu, Cd trong ca 3 loai rau gdm cai xanh, xa
lach va mong toi déu ¢ trong gisi han an toan theo TCVN. Mic du, ching st
dung nudc tudi lay tir kénh Ngit Huyén Khé c6 ham lugng Cu, Cd vuot giéi han
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cho phép (1,5-1,7 va 4-7 lan - Bang 4.1). Bgi c6 thé Cu di bi tiéu thy do né la
nguyén té vi luong can thiét cho sinh truéng cia rau. Hon nita, ham lwong céc
Cu, Pb, Cd trong dat trong rau ¢ khu vuc nay van ¢ trong gigi han an toan
(Nguyén Thi Hang Nga & cs., 2022).

Nuéc tuéi nhiém Pb vugt GHCP 13 nguyén nhan gay ra tich liiy khong an
toan kim loai nang nay trong cac mau rau xa lach (3 vy) va cai xanh (2/3 vu), dao
dong lan luot 12 0,33-0,41 mg/kg va 0,31-0,35 mg/kg. Mdng toi 1a loai rau duy
nhét tai viing nay hién chua bj tich liy ca 3 KLN (Cu, Pb, Cd) vuot GHCP. Qua
két qua khao sat cho thay xu huéng tich lity KLN trong rau & khu vuc nghién ciu
Cu > Pb > Cd va xa lach > cai xanh > mdng toi. Piéu nay c6 thé lién quan dén su
khac biét vé kha ning hap thu kim loai caa ching (Singh & cs., 2010).

4.2. GIGI HAN AN TOAN HAM LUQNG Cu, Pb, Cd TRONG NUOC
TUOI CHO RAU CAl XANH, XA LACH, MONG TOI TRONG TREN
PAT PHU SA SONG HONG

4.2.1. Anh hwéng cia ham lweng Kim loai ning trong nwéc twéi dén ting
trwéng va ning suit ciia rau in la
4.2.1.1. Anh hwéng ciia ham lwong Cu trong nwéc twéi dén ting truéng va ning

sudt cua rau
a. Anh huong cua ham luwong Cu trong nudc tuoi dén tang truong chiéu cao

Pong (Cu) 1a vi lwong can thiét cho su phét trién cua thyuc vat véi mic tir
3-20mg Cu/kg chat kho, 14 thanh phan cia protein va enzyme. Ching hoat dong
trong cic ngin cua té bao. C4c chi tiéu sinh truong cia than va la sé quyét dinh
nang suit cia cdy. Chiéu cao cay la chi tiéu thé hién rd dic tinh cia gidng, dong
thoi ciing phan &nh tong quat anh huong cua cac yéu té tac dong nhu didu kién
ngoai canh, cac bién phap k¥ thuat cham soéc.

Két qua ¢ bang 4.3 cho thiy chiéu cao rau cai ¢ cac cong thuc thi nghiém
ting dan qua cac ngay sau gieo, ting nhanh tir thoi diém 20 ngay sau gieo. Trong
thi nghiém nay, chiéu cao trung binh 3 vu cia rau cai xanh gitta cong thirc duoc
tudi nuwéc nhiém dong véi cac mic khac nhau c6 su khac nhau ¢ ca qué trinh
sinh truéng. Tai thoi diém sau gieo 35 ngay (ngdy trudc thu hoach), chiéu cao
cdy & cac cong thirc dugc tudi nude cd bd sung 0,5 dén 0,8ppm Cu ting hon S0
Vi truong hop khong bd sung ciing nhu bd sung véi mac thap hon hodc cao hon
ndng d6 nay. Chiéu cao cay dao dong tir 26,33cm-30,04cm, trong d6 cong thirc
nuéc tudi chira 0,8ppm Cu dat gia tri cao nhat (30,04cm), khéng co su sai khac
¢ ¥ nghia so v&i truong hop nude tudi ¢ bd sung 0,5ppm Cu.
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Bing 4.3. Anh hwéng ciia ham lwgng Cu (ppm) trong nuwée twéi dén chiéu cao® cai xanh

Pon vi: cm
Thdoi gian sau gieo (ngay)
Cong thire
10 15 20 25 30 35

Cu0 4,65°+ 0,52 5,71 + 0,67 8,27°+0,70 14,69° + 1,47 22,31° + 2,06 27,47°+ 2,02
Cu0,2 5,17° + 0,65 6,39° + 0,81 8,66+ 1,02 13,359+ 2,57 19,30° + 3,68 26,339+ 4,45
Cu0,5 5,26+ 0,74 6,61% + 0,95 9,31°+1,35 15,19 + 2,59 23,01°+ 3,51 29,13% + 331
Cu0,8 5,38+ 0,73 6,84% + 1,22 10,112+ 1,93 16,53 + 3,03 24,31% + 3,52 30,04% + 3,40
Cul,6 5,24% + 0,75 6,63%+ 1,19 9,60 + 1,84 15,40 + 3,17 22,84° + 4,04 28,58" + 3,96
Cu2,0 5,31% + 0,83 6,670+ 1,11 9,61°+1,70 15,48°+ 2,17 22,82 + 2,90 28,73 + 2,66
LSDo,0s 0,18 0,24 0,45 0,72 0,95 1,00

Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05;

Gié tri Trung binh + D¢ léch chuan (n = 18); (*): Chiéu cao trung binh 3 vu.



Déi vai rau xa lach, két qua thé hién trong bang 4.4.

Chiéu cao xa lach ting dan theo thoi gian sinh truéng. Xa lach truée khi thu
hoach (46 ngay sau gieo) c6 chiéu cao dao dong tir 22,01 dén 23,39cm. Giai doan
sau gieo tir 21 dén 31 ngay, chiéu cao cay khong c6 su sai khéc rd rét giita truong
hop khong bé sung Cu véi ¢6 bd sung cac mic Cu khac nhau. Chiéu cao cay co
su sai khac 16 hon & giai doan sau (36 dén 46 ngay). Khi nude tudi dugc b sung
lugng dong tir 0,5-1,6ppm chiéu cao vuot troi so véi cac truong hop con lai,
ngoai trir khdng co su khac biét ddi véi cong thirc c6 bd sung 0,5-0,8ppm Cul.
Tuy nhién, ting nong d6 Cu trong nudc tudi 1én 2ppm da han ché tang truong
chiéu cao xa lach, cho két qua thap nhat chi dat 22,01cm ¢ giai doan thu hoach.
Sy anh hudng cia Cu dén sy suy giam chiéu cao xa lach ciing da dugc Gorsuch
& cs. (1995) phat hién.

Két qua anh huong cia nong do Cu trong nude tudi cho rau Mong toi dugc
thé hién o bang 4.5. Nudc tudi chira Cu véi nong do tir 0,8ppm lam tang chiéu
cao mong toi ¢ tat ca cac giai doan. Trong khi d6, & mirc Cu thap hon tac dong
nay dén giai doan 40 ngay (0,5ppm Cu) hay 45 ngay (0,2ppm Cu) méi thé hién
rd. Chiéu cao cua rau mong toi ting nhanh & giai doan sau gieo 35 ngay va ting
khi nuée tudi c6 bd sung Cu tir 0,2 dén 2pmm & tat ca cac giai doan, chiéu cao
cay dao dong tir 35,18 dén 36,85cm & giai doan thu hoach, so véi d6i chirng
nudc khong nhiém Cu, chi dat 34,29cm. Nhu vay, ham luong Cu trong nudc
tudi 0,2-2ppm c6 kha niang lam tiang chiéu cao mong toi.

b. Anh hudng ciia ham heong Cu trong nudce twdi dén sé la

S6 14 12 mot chi tiéu sinh truéng quan trong dé danh gia tic dong cua yéu to
thi nghiém dén sy sinh truong cua cdy. Anh huéng cua ham luong Cu dén sé 14
cay rau cai xanh dugc trinh bay ¢ bang 4.6.

Khi b6 sung Cu vao nude tudi, s6 14 trung binh cai xanh (trung binh 3 vu) ¢
cac giai doan sau gieo déu ting so voi ddi chiing. Két qua cho thay mac Cu
0,8ppm c¢6 kha nang thuc day sy ra la cia cai xanh manh hon han (10,43 la/cay)
SO V&i cac trrong hop con lai, dao dong tir 9,91-10,35 (1a/cay).
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Bang 4.4. Anh hwéng ciia ham lwong Cu (ppm) trong nudée twéi dén chiéu cao® xa lach

Pon vi: cm
Thoi gian sau gieo (ngay)
Cong thirc
21 26 31 36 41 46

Cu0 5,8% + 0,65 7,21%¢+ 0,77 9,46 +1,03 13,94% + 1,28 19,33+ 3,11 22,68°+1,73
Cu0,2 5,67° 0,51 7,02°+0,69 9,412+ 0,97 13,889+ 1,83 18,72° +2,00 22,617 + 1,83
Cu0,5 5,73% + 0,49 7,08 +0,68 9,422+ 0,87 14,46™4 + 1,58 18,88° + 1,89 22,79% + 1,40
Cu0,8 5,87% + 0,60 7,3%+0,80 9,622+ 1,18 14,88° + 2,25 19,36° + 2,03 23,398+ 1,62
Cul6 5,93+ 0,58 7,36% + 0,69 9,712+ 1,10 15,68 + 1,52 20,33+ 2,23 23,0° +1,59
Cu2,0 5,77% + 0,50 7,19% + 0,60 9,66%+ 1,14 14,55 + 1,48 19,1°+2,01 22,01°+1,86
LSDo,s 0,20 0,26 0,38 0,63 0,85 0,63

Ghi chi: Cac chir cai khac nhau trén ciing mot cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;

Gié tri Trung binh £ D¢ léch chuan (n = 18); (*): Chiéu cao trung binh 3 vu.
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Bang 4.5. Anh hwéng ciia ham lwong Cu (ppm) trong nuée twéi dén chiéu cao®) mong toi

Pon vi: cm
Thoi gian sau gieo (ngay)
Cong thiic
20 25 30 35 40 45
Cu0 4,44 + 0,53 5,24°+ 0,54 7,96+ 141 12,56 + 2,12 21,97°+ 4,76 34,29° + 6,81
Cu0,2 4,39° + 0,53 5,34° + 0,54 8,02° + 1,39 12,84°+ 2,12 22,83+ 412 35,18% + 547
Cu0,5 4,39° + 0,47 5,49 + 0,60 8,40% + 1,40 13,25 + 2,20 23,94% + 3,94 36,16% + 4,82
Cu0,8 4,45% + 0,49 5,62% +0,73 8,592 + 1,49 14,092 + 2,09 24,922 + 3,60 36,85 + 3,91
Cul,6 4,47 +0,47 5,762+ 0,83 8,642+ 148 14,082 + 2,14 24,93 + 3,62 36,34% + 3,53
Cu2,0 4,59% + 0,50 5,782+ 0,80 8,39% +1,22 13,83% + 2,01 24,48 + 3,70 35,93 + 3,19
LSDo,os 0,18 0,26 0,50 0,75 1,33 1,77

Ghi chi: Cac chir cai khac nhau trén ciing mot cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;

Gié tri Trung binh £ D¢ léch chuan (n = 18); (*): Chiéu cao trung binh 3 vu.
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Bang 4.6. Anh hwéng ciia hiam lwong Cu trong nuée twéi dén so 147 ciia rau cai xanh

Pon vi: 14
Thoi gian sau gieo (ngay)
Cong thiic
10 15 20 25 30 35
Cu0 4,579 +0,66 5,65°+ 0,76 6,789+ 0,72 7,549+0,72 8,65°+ 0,76 9,91+ 0,98
Cu0,2 4,7% + 0,66 5,785+ 0,77 6,96 + 0,75 7,93+ 0,67 9°+0,85 10,04 + 0,91
Cu0,5 5,07% + 0,67 6,09% + 0,81 7,31% 40,82 8,37% + 0,81 9,392+0,81 10,35% + 0,87
Cu0,8 5,28 + 0,68 6,3+ 0,86 7,48+ 0,86 8,632+ 0,85 9,57+ 0,84 10,43 + 0,86
Cul,6 5,09% + 0,65 6,07% 0,77 7,330 +0,8 8,46® + 0,82 9,48%+0,72 10,2% + 0,74
Cu2,0 4,94 + 0,6 5,93 +0,7 7,19 +0,75 8,33°+0,8 9,312+ 0,72 10,17a™ + 0,64
LSDo,0s 0,24 0,29 0,29 0,29 0,29 0,32

Ghi chu: Cac chit cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.

Tt ca cac Gia tri dugc biéu thi bang gié tri Trung binh + Do léch chuan SD vai n = 18; (*): S 14 trung binh 3 vu.



DPong thai ra 14 cua xa lach duoc trinh bay tai bang 4.7 cho thy: Sé 14 xa
lach ting dan theo thoi gian sinh trudng va co su sai khac (P <0,05) giira cac
cong thicc & cac giai doan (trir thoi diém 21 ngay sau gieo). Toc do ra 14 ting
manh & giai doan 36 ngay sau gieo ¢ tat ca cac cong thirc. Sau 46 ngay gieo, xa
lach cho thu hoach va sé 14 trung binh trén cay dao dong tir 9,31 dén 10 la/cay.
Trong d6, cong thirc nuée tudi chira 0,8ppm Cu cho sé 1a xa lach 1a 10 1&/cay,
twong dwong véi cong thuc chira 0,5 ppm Cu (9,81 la/cay). trong khi xa lach
duge tudi nudc c¢6 ham lugng Cu 2ppm b so 14 thap nhat (9,31 1a/cay). Véi két
qua nay cho thay, b sung Cu ¢ mirc 0,5 dén 0,8ppm vao nude tudi co tac dung
1am tang s6 14 cua xa lach, gop phan vao ting ning suat cua loai rau nay.

Két qua bang 4.8 cho thay sé 14 mdng toi & cac nghiém thirc thi nghiém co
su sai khac qua cac giai doan sinh trudng (trir thoi diém 25 ngay sau gieo). Mong
toi sau gieo 20 ngay c6 s6 14 trung binh 1a 2,44 dén 2,65 la/cay va ting dan dat
14,39 dén 15,13 la/cay sau 45 ngay gieo hat. Theo ddi ting truong sb 14 cua
mdng toi trong sudt qua trinh sinh trudong nhan thay: nudc tudi chia 0,8ppm Cu
c6 kha nang thuc day sy ra 14 cua loai rau nay véi s 1a dat gia tri 16n nhat trong
s6 cac nghiém thic thi nghiém. Khi ting ham luong Cu trong nudc tudi 1én 1,6
dén 2ppm gay @c ché su ra 1a mong toi so véi trudng hop nude tudi khdng chia
Cu ciing nhu ham luong dudi 1,6ppm & thoi diém truge khi thu hoach (45 ngay
sau gieo), s 14 dat muc thip nhat (14,39 la/cay) ¢ cong thic tudi nuée 2ppm Cu.
c. Anh hwéng ciia ham lwong Cu trong miede twdi dén chi sé6 SPAD ciia rau

Diép luc 1a chét hitu co quan trong khdng thé thiéu trong phan tng quang
hop cua cay trong. Chi s6 SPAD la dai luong dic trung cho ham lwong diép luc
trong 14 cay trong. Chi sé6 SPAD (mét chi tiéu trong quan thuan véi ham luong
diép luc & trong 14) danh gia ham lugng chlorophyll trong 14 cay va la yéu tb anh
huong truc tiép téi kha nang quang hop cua cay trong. Chi sé SPAD c6 thé phan
anh ham lugng chlorophyll trong 14 cay. Tir d6 c6 thé khai quéat dugc trang thai
sinh ly cua cay. Cay c6 chi s6 SPAD cao c6 nghia 1a ham luong diép luc trong 14
cao. Ham luong diép luc trong cay nhiéu hay it phu thuoc vao giéng, diéu kién
ngoai canh va k¥ thuat cham séc nhét 1a cung cap du nuéc cho cdy. Néu ham
luong diép luc trong 14 cao ching té ciy c6 kha ning quang hop tot dong nghia
Vv6i sinh truong, phat trién tét, cd kha niang chdng chiu duoc cac diéu kién bat

thuan ctia méi trudng va cho nang suat cao.

63



79

Bang 4.7. Anh huéng ciia ham lwgng Cu trong nwée twéi dén s6 147 ciia rau xa lich

Pon vi: 14
Thaoi gian sau gieo (ngay)
Cong thire
21 26 31 36 41 46

Cu0 3,722+ 0,6 4,67°+0,51 5,67 +0,51 6,63* + 0,65 8,112+0,79 9,67 +0,82
Cu0,2 3,67%+0,5 4,61° +0,53 5,59° + 0,53 6,33° + 0,61 8,072+0,7 9,52 + 0,99
Cu0,5 3,82+ 0,63 4,81% + 0,59 5,63° + 0,52 6,57% + 0,63 8,242 +0,7 9,81% + 0,87
Cu0,8 3,89°+ 0,63 5,02% + 0,74 5,872+ 0,62 6,48% + 0,91 8,24+ 0,82 10% + 0,99
Cul,6 3,722+ 0,56 4,76° £ 0,55 5,59° +0,6 6,43% + 0,63 8,042+0,73 9,63 +0,78
Cu2,0 3,74°+ 0,62 4,74° + 0,62 5,63° + 0,56 6,59°+ 0,63 8,09° + 0,68 9,319+ 0,67
LSDo,0s 0,22 0,22 0,21 0,25 0,27 0,29

Ghi chi: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.

Tt ca cac Gia tri dugc biéu thi bang gié tri Trung binh = Do léch chuan SD vai n = 18; (*): S 14 trung binh 3 vu.
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Bang 4.8. Anh hwéng ciia hiam lwong Cu (ppm) trong nwéc twéi dén sé 14°) mong toi

Thoi gian sau gieo (ngay)

Cong thirc
20 25 30 35 40 45

Cu0 2,50% +0,5 4,48 +0,64 6,69° + 0,84 8,43°+0,84 11,46 + 1,57 14,74%° +1 38
Cu0,2 2,56% +0,5 4,4% + 0,66 6,56° + 0,95 8,52 +1,08 11,28°+1,78 14,85% + 1,42
Cu0,5 2,50% +0,5 4,48 +0,64 6,78% + 1,14 8,912 + 1,66 11,69° + 1,68 14,96® + 1,35
Cu0,8 2572 +05 4,542+ 0,61 7,06* + 1,07 8,78 + 1,19 12,39+ 1,48 15,138+ 1,17
Cul,6 2,44°+0,5 4,522 +0,61 6,80% +0,9 8,69% + 0,97 11,54°+1,25 14,61 + 0,92
Cu2,0 2,657+ 0,48 4,48%+0,61 6,78% + 0,79 8,50% + 0,82 11,35 + 1,38 14,39+ 0,9
LSDoos 0,19 0,24 0,36 0,43 0,58 0,45

Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.

Tt ca cac Gia tri duoc biéu thi bang gia tri Trung binh + Do léch chuén SD véi n = 18; (*): Sé l4 trung binh 3 vu.



Két qua anh huong cua ndng do Cu trong nude tudi dén chi sé SPAD cua rau
cai xanh duoc thé hién & bang 4.9 va hinh 4.1 cho thay: L4 cai xanh & cong thic
d6i chiing khéng chira Cu trong nudc ¢6 chi s SPAD 1a 36,05, twong duong véi
cong thirc nude tudi chira 0,2 d&én 0,8ppm Cu. Khi ting ham luong Cu trong nudc
tudi 18n tir 1,6-2ppm da lam giam chi s6 SPAD ¢ 14 cai xanh. Marc do giam ty 16
thuan véi su gia ting ham lwong Cu trong nuéc, chi s6 SPAD thap nhat khi cai
xanh duoc tudi nudc chira Cu 2ppm (34,08). Didu nay c6 thé do hé qua truc tiép
cua Cu ddi véi hé théng quang hop (Maksymiec, 1998). Mat khac, khi ting Cu
lam sy hap thu Fe ¢ ré bi tc ché va anh huéng dén sy van chuyén 18n chdi. anh
hudng dén su hinh thanh diép luc (Ambrosini & cs., 2017; Martins & Mourato,
2006). Két qua nay c6 cuing xu hudng véi nghién cau cua (Feigl & cs., 2015).

Bang 4.9. Anh huéng ciia Cu trong nuwéc twéi dén chi s6 SPAD ciia rau

Cong thirc Vul Vu2 Vu3

Cai xanh
Cu0 33,09+ 1,26 36,582+ 0,75 38,482+ 0,89
Cu0,2 33,08%+ 1,17 36,44%+ 0,66 38,392+ 0,73
Cu0,5 32,967+ 1,33 36,287+ 0,69 38,07% + 0,69
Cu0,8 32,73%+0,79 36,01%+ 0,92 37,930+ 121
Cul,6 31,82+ 0,78 35,99% + 1,26 37,36™ + 0,62
Cu2,0 30,62°+ 1,14 34,68°+ 1,23 36,93°+ 0,79
LSDo,0s 1,04 0,9 08

Xa lach

Cu0 28,649+ 0,89 35,329+ 1,13 33,089+ 1,08
Cu0,2 28,969 + 1,05 35,499+ 1,13 33,369+ 0,9
Cu0,5 29,51% + 1,26 36,07+ 1,09 34,019+ 1,13
Cu0,8 30,31 + 1,36 36,93 + 1,28 34,99 + 1,06
Cul,6 31,3 +1,35 38,07 + 1,56 35,98 + 1,25
Cu2,0 32,08%+ 1,04 38,84% + 1,64 36,39 + 1,06
LSDoos 1,11 1,25 1,03

Mong toi
Cu0 39,31°+ 0,88 42,71°+ 0,81 39,31°+ 0,88
Cu0,2 39,12° + 1,02 42,11°+ 0,91 39,12° + 1,02
Cu0,5 39,39°+ 0,95 42,56° + 0,92 39,39° + 0,95
Cu0,8 40,34" + 0,95 43,08™ + 1,18 40,34° + 0,95
Cul,6 41,92% + 1,07 44,02% + 1 48 41,922 + 1,07
Cu2,0 42,44% + 1,14 44,48° + 1,2 42,447 + 1,14
LSDo,0s 0,95 1,05 0,88

Ghi chi: Cac chir cai khac nhau trén ciing mét cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;

Tt ca céc Gia tri dwoc biéu thi bang gia tri Trung binh + Do léch chuan SD véin = 9.
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Ddi véi xa lach, khi ting ndng d6 Cu trong nudc lai 6 anh huéng dén chi
s6 SPAD theo xu hudng nguoc lai. Két qua duoc thé hién qua bang 4.9 va hinh
4.2 cho thay: Nudc tudi khong chira Cu cho gia tri SPAD cua xa lach thap nhat
(32,35), ¢ c¢ong thic Cu 0,2 va Cu 0,5 cho chi s6 SPAD tuong duong nhau (32,6
va 33,2). trong khi d6 gia tri nay dat cao nhat (35,77) & truong hop tudi nuéc
chtra Cu 2ppm. Két qua nay tring véi nghién ctu cua Mostafakamal Shams & cs
(Shams & cs., 2019).
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Hinh 4.1. Anh hwéng cia ham lwgng Cu
trong nwéc twdi dén chi s6 SPAD trung binh qua 3 vu cia cai xanh
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Chi s6 SPAD

Hinh 4.2. Anh hwéng ciia ham lwong Cu
trong nwée twéi dén chi sé SPAD trung binh qua 3 vu ciia xa lach

Két qua cua nghién cau cho thiy, chi s6 SPAD cua xa lach c6 sy khac biét
¢ y nghia giira cac cong thirc. DI véi xa lach, xu hudng tac dong cua Cu lén chi
s6 SPAD ciing tuong tu nhu dbi v6i mong toi, gia tri ndy ty 1¢ thuan véi nong do
Cu trong nudce tudi. Khi khong c6 Cu trong nude tudi SPAD chi dat 32,35. trong
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khi d6 nuée tudi chira Cu 2ppm cho SPAD I6n nhit so véi cac cong thic con lai,
dat 35,77. Theo két qua nghién ctu cia Gaucin-Delgado & cs. (2022) khi ting
nong d6 Cu nano phun 18n 14 xa lach c6 tac dung tich cuc dén ham lwong diép luc
trong 14 xa lach, lam ting tong ham lugng chat diép luc 1én 47% (Gaucin-
Delgado & cs., 2022).

Két qua anh huong cua ham lugng Cu trong nude tudi dén chi s6 SPAD
ciia mong toi dugc thé hién qua hinh 4.3. Chi s6 SPAD cua la mong toi c6 gia tri
thap nhat & cdng thire tudi nude khong co6 Cu ciing nhu bd sung 0,2 dén 0,5ppm.
SPAD dao d6ng tir 42,41 dén 42,43. Ham lugng Cu trong nudc tudi ting 1én 1am
tang gia tri nay va vaéi nude tudi chira 2,0ppm Cu ¢6 SPAD dat 44,72, cé gia tri
tuong duong voi ngudng Cu 1,6ppm (44,27).
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Hinh 4.3. Anh hwéng ciia ham lwong Cu
trong nuwée twéi dén chi sé SPAD trung binh qua 3 vu ciia mong toi

d. Anh huéng ciia ham heong Cu trong nwéc twi dén ndng sudt cia rau

Trong suét qua trinh séng, cay trong hap thu cac chét dinh dudng tir moi
truong dat, nudc va thyc hién qua trinh quang hop tong hop nén céc chat can
thiét cho co thé. Chiéu cao, sb 14 ting dan trong qué trinh sdng va la nhitng chi
tiéu quan trong quyét dinh dén khéi lwvong ciing nhu ning suat cdy trong.

Két qua theo ddi vé khdi luong twoi cua cai xanh qua ting vu (Bang 4.10)
va trung binh 3 vy (Hinh 4.4) cho thay chi tiéu nay chiu anh huong bai viéc sir
dung nudc tudi c6 ham luong Cu khac nhau. O codng thic nuée tudi chua
0,8ppm Cu cho khéi luong twoi 16n nhat (241,07 g/chau) twong duong voi ning
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suat dat 9,72 tan/ha. Khong sai khac y nghia so v4i nghiém thac chia 0,5ppm
Cu (219,57 g/chau hay 8,85 tan/ha) va cao hon han so véi trudng hop cai su
dung nude tudi chia Cu ¢ ngudng thap hoic cao hon khoang gié tri nay. Két
qua nay trén cai xanh tuong tng véi nghién ctru cua Nazir & cs. (2019) danh
gia vé doc tinh caa Cu khi & mic cao.

Bang 4.10. Anh huéng ciia Cu trong nuée twéi dén ning suét cai xanh

. i Ning suat (g/chdu)

Cong thire

Vul Vu 2 Vu3
Cu0 112,7° +7,22 244,677 £ 48,64 244.3* + 27,48
Cu0,2 117,2% + 291 247,27% £ 26,12 249,37% £ 35,38
Cu0,5 130,3% + 34,08 257,57% + 48,62 270,83+ 14,77
Cu0,8 145,272 + 23,35 280,33 £ 16,2 297,6% £ 8,21
Cul,6 122,27% + 7,61 239,33+ 48,59 269,67% + 64,04
Cu2,0 121,13% + 5,97 229,93 £ 19,43 248,73 £ 44,27
LSDo,05 31,33 66,62 66,38

Ghi chi: Cac chir cai khac nhau trén ciing mét cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;
Tét ca céac gia tri duoc biéu thi bang gié tri Trung binh + D léch chuan SD véi n = 3.
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Hinh 4.4. Anh hwéng ciia ham lwong Cu
trong nwéc twdi dén ning suat trung binh 3 vu cai xanh

Tac dong cua Cu trong nude tudi dén khoi lwong tuoi hay nang suat cia rau
xa lach duogc thé hién qua bang 4.11 va hinh 4.5. Tuong tu di vai rau cai, khoi
lurong tuoi cua xa lach ¢ cong thuc tudi nude chaa 0,8ppm Cu cho gia tri Ion
nhat (184,08 g/chau hay dat ning suat 7,42 tan/ha), sai khac khong c6 y nghia
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(P > 0,05) so véi truong hop dugc tudi nudc cd 0,5ppm Cu (172 g/chau twong
duong 6,96 tin/ha) hay 1,6ppm Cu (174 g/chau hay 7,04 tin/ha). Tiang ndng do
Cu trong nudc 18n 2ppm, xa lach c6 chiéu cao va sb 1a luén & mic thip nhét so
véi cac cong thic con lai. Vi vay, khéi lugng twoi xa lach ¢ cdng thic nay chi
bang 78,08% (143,73 g/chau hay 5,8 tin/ha) so vé&i cong thicc c6 chira 0,8ppm
Cu. Nhu vay, két qua cho thdy bé sung lugong Cu & muac vira phai c6 tac dung
lam tang ning suat xa lach so véi truong hop nude tudi khdng chira hoac chia
Cu tir 2ppm. Két qua nay c6 xu hudng tuwong ty nhu tic dong lam giam sinh
khdi thuc vat khi tiép xuc véi ndng d6 Cu cao cua mot sd cay trong khac nhu
lda (Lidon & Henriques, 1992), ngé (Liu Dong-Hua & cs., 2001).

Bang 4.11. Anh huéng ciia Cu trong nwéce twéi dén ning suat xa lach

Niing suét (g/chdu)

Cong thire

Vul Vu?2 Vu3
Cu0 113,6® + 10,11 112,83% + 9,94 240,4° 12,32
Cu0,2 114,37% + 8,36 115,53® + 14,46 251,27% + 46,41
Cu0,5 119 + 14,76 125,072 + 2,05 273,7% + 3585
Cu0,8 124,872+ 6,11 129,23 + 8,57 298,13 + 38,42
Cul,6 121,372+ 8,84 121,4% + 1,57 280,73 + 19,92
Cu2,0 102,87° + 8,52 101,7° + 12,54 226,63 + 16,85
LSDo 05 17,46 16,96 55,06

Ghi chi: Cac chir cai khac nhau trén ciing mét cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;
T4t ca céc gia tri duoc biéu thi bang gié tri Trung binh + D léch chuan SD véin =3

300 r

1

Cu0.2 Cu0.,5 Cu0.8 Cul.6 Cu2,0

ang suat (g/chau)

N

Hinh 4.5. Anh hwéng ciia ham lwong Cu
trong nuée twdi dén ning suit trung binh 3 vu xa lach
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Khdi luong tuoi (ning suat) rau mong toi & cac cong thic thi nghiém dugc
theo ddi qua 3 vu duogc thé hién qua bang 4.12 va hinh 4.6. Nang suat mong toi
sir dung nude tudi chira 2ppm Cu chi dat 135,26 g/chau hay 5,45 tan/ha va thap
hon so v&i cac cong thirc con lai khéng chira Cu ciing nhu ¢6 ham luong Cu dudi
2ppm & mire sai khac c6 y nghia théng ké.

Bang 4.12. Anh huéng cia Cu trong nuée twéi dén ning suit mong toi

. . Niing suit (g/chau)

Cong thirc

Vul Vu2 Vu3
Cu0 161,83 + 26,83 110,23% + 18,64 160,43 + 39,53
Cu0,2 153,23+ 9,9 113,974+ 9,29 174,73* + 16,68
Cu0,5 1752 +9,8 132,272+ 6,0 196,872 + 15,41
Cu0,8 163,43% + 30,55 129,03 + 25,35 185,972 + 25,18
Cul,6 166,072 + 7,8 122,63* + 1,17 192,372 + 6,45
Cu2,0 144,4% + 13,15 87,8 +6,37 173,574+ 9,68
LSDo,os 33,13 20,31 37,05

Ghi chi: Cac chir cai khac nhau trén ciing mét cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;
Tét ca cac Gia tri dugc biéu thi bang gié tri Trung binh + D6 léch chuan SD véin =3

300

200

1l

Cu0.2 Cu0.5 Cu0.8 Cul.6

fing suft (g/chfiu)

N

Hinh 4.6. Anh hwéng ciia ham lwong Cu
trong nuwéc twoi dén ning suat trung binh 3 vu méng toi
4.2.1.2. Anh hwong ciia ham lwong Pb trong nwéc twéi dén ting trwong va
ning sudt ciia rau
a. Anh hwéng ciia ham heong Pb trong nuéc tudi dén tang truong chiéu cao

Chiéu cao 1a mot trong nhitng chi tiéu quan trong dé danh gia sy sinh
trudng cta cay rau ¢ cac nong do Pb khac nhau trong nudc tudi.
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Str dung nudc tudi véi 6 cdng thire gom maot cong thire ddi chimg duoc tudi
bang nudc sach va 5 mic nhiém Pb khéac nhau cho rau cai xanh, xa lach va mong
toi. Két qua anh huong ciia ham lugng Pb trong nude tudi dén ting trudng chiéu
cao cua 3 loai rau nay thu dugc nhu sau:

Déi vé6i rau cai xanh, qua két qua sb liéu cua bang 4.13 nhan thy chiéu
cao cua rau cai xanh chiu anh huong boi ham luong Pb khac nhau trong nudc
tuéi. Chiéu cao rau cai & cac giai doan sau gieo véi viéc sir dung nude tudi
chtra ham lwong Pb muc 0,5 dén 1ppm déu cd gié tri cao hon han (29,44 dén
29,69cm thoi diém thu hoach) so véi truong hop nude tudi khdng co hoic co
ham lugng Pb tr 2ppm (27,47cm) dén 4ppm (25,6cm). Nhu vay, nudc tudi
chtra Pb ¢6 ndng dd thap c6 kha ning kich thich ting chiéu cao, trong khi v&i
nong do cao lai kKim hdm chi tiéu ndy & cai xanh. Chi khdng phai 14 nguyén té
thiét yéu cho thuc vat. Chi anh hudng dén hoat dong cua nhiéu enzyme con
duong trao doi chat khac nhau. O nong d6 cao, Pb ¢ ché hoat dong cua
enzyme. Bén canh d6, mot s6 enzyme hoat dong manh hon khi c6 mit Pb.
Ngoai ra, Pb con thuc day sy hinh thanh cac phan tng oxy hoa trong thuc vat,
gay stress cho cay, din dén ting cuong hoat dong cua cac enzyme chdng oxy
hoa (Hung & cs., 2014).

Trong sudt qua trinh sinh truong, anh hudng cua nude tudi bi nhidém Pb dén
tang truéng chiéu cao cua xa lach duoc thé hién ¢ bang 4.14. Chiéu cao & nghiém
thac cd sir dung nudce tudi chia 0,1ppm Pb luén cao hon so véi cac cong thic
con lai, dat gia tri cao nhat ¢ thoi diém thu hoach (23,08cm), twong tu véi chiéu
cao cay xa lach ¢ truong hop BC hay c¢o6 tudi nudc chia 0,5 va 1ppm Pb (22,68
dén 22,84cm). Mtic chi ting 1én 4ppm trong nudc tudi 1am han ché ting truong
chiéu cao cay, mic anh huong thé hién rd ¢ giai doan cudi, chiéu cao cy chi dat
21,23cm, ¢6 gia tri thap nhat so vai cac nghiém thirc con lai.

Déi véi rau mong toi, két qua tac dong cua Pb trong nudc tudi dén ting
truong chiéu cao ciy dugc trinh tai bang 4.15 cho thiy: Chiéu cao cay & cac cong
thirc & thoi ky 20 dén 45 ngay sau gieo dao dong tir 4,37cm dén 35,63cm va hau
nhu ndéng d6 chi khac nhau khong c6 anh huong dén ting truéng chiéu cao cua
cay. thé hién rd hon & giai doan sau gieo tir 40 ngay. Thoi diém thu hoach. chiéu
cao cay ¢ nghiém thic 4 (tudi nude 1,0ppm Pb) cho gia tri 16n nhat (35,63cm).
khong cé su sai khac vai cac nghiém thac con lai.
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Bang 4.13. Anh hwéng ciia ham lwong Pb (ppm) trong nuwéc twéi dén chidu cao® cai xanh

Pon vi: cm
Thoi gian sau gieo (ngay)
Cong thiic
10 15 20 25 30 35
PbO0 4,65° + 0,52 5,71+ 0,67 8,27°+0,70 14,69 + 1,47 22,31°+ 2,06 27,47°+ 2,02
Pb0,1 4,99° +0,52 6,1°+0,78 8,61+ 0,88 14,574+ 1,84 23,02 + 2,75 28,52° + 3,13
Pb0,5 5,18% + 0,61 6,43+ 1,0 9,25" + 1,54 14,48* + 2,21 23,42% + 281 29,442 + 3,22
Pb1,0 5,32+ 0,60 6,64+ 1,17 9,84*+2,17 14,54* + 3,26 24,09% + 3,04 29,69° + 3,03
Pb2,0 5,282+ 0,48 6,682 + 1,05 9,56% + 1,79 14,03% + 3,02 23,24% +311 28,32 +29
Pb4,0 5,32+ 0,49 6,45 + 0,90 9,19° +1,58 13,48° + 3,41 21,239+ 3,54 25,69 + 3,59
LSDo,0s 0,19 0,32 0,5 0,68 0,92 0,86

Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.

Tét ca céc gia tri duoc biéu thi bang gié tri Trung binh = Do léch chuan SD véi n = 18; (*): Chiéu cao trung binh 3 vu



v.

Bang 4.14. Anh hwéng ctia ham lwong Pb (ppm) trong nuéc twéi dén chiéu cao™ xa lach

Pon vi: cm
Thoi gian sau gieo (ngay)
Cong thiic
21 26 31 36 41 46
Pb0 5,8% + 0,65 7,21% +0,77 9,46° + 1,03 13,94°+ 1,28 19,33¢+ 3,11 22,68% +1,73
Pb0,1 5,84% + 0,53 7,22% +0,69 9,81% + 1,24 15,942+ 1,61 20,742 + 1,69 23,082 +2,0
Pb0,5 5,92% + 0,65 7,44% + 0,96 10,272+ 1,78 15,24 + 1,69 19,57 + 2,07 22,822+ 2,23
Pb1,0 5,76® + 0,64 7,32 +0,82 10,122 + 2,01 13,92°+ 2,42 19,5 + 2,11 22,842+ 2,13
Pb2,0 5,8% +0,51 7,11°+ 0,66 10,032 + 1,46 13,85+ 1,95 20,19% + 1,87 22,57 +1,93
Pb4,0 5,66° + 0,51 7,35% 0,77 9,829 +13 13,19+ 1,67 19,42 + 1,98 21,23°+2,0
LSDo,0s 0,21 0,28 0,49 0,62 0,81 0,73

Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.

Tt ca cac Gid tri dugc biéu thi bang gié tri Trung binh + D léch chuan SD véi n = 18;(*):Chiéu cao trung binh 3 vy



74

Bang 4.15. Anh hwéng ciia ham lwong Pb (ppm) trong nuée twéi dén chiéu cao®) mong toi

Pon vi: cm
Thoi gian sau gieo (ngay)
Cong thirc
20 25 30 35 40 45

PbO 4,44% + 0,53 5,24° + 0,54 7,96° +1,41 12,56° + 2,12 21,972+ 4,76 34,29° + 6,81
Pb0,1 437°+0,5 5,27° + 0,55 8,08 +13 12,79® + 2,08 22,322+ 45 34,812+ 6,31
Pb0,5 4,412 + 0,48 5,492+ 0,61 8,30% +1,35 13,392 + 2,42 22,373+ 4,44 35,46% + 5,42
Pb1,0 4,46% + 0,46 5,66% + 0,61 8,414+ 1,17 13,582+ 2,22 23,272+ 4,0 35,632 + 4,78
Pb2,0 4,40% + 0,44 5,53% + 0,46 8,21% +1,03 13,522+ 2,17 22,682 + 3,88 34,90° + 4,07
Pb4,0 4.47% + 0,47 5,61% + 0,54 8,07% +1,07 13,07 + 2,08 22,528 +38 34,642 + 3,96
LSDos 0,17 0,20 0,44 0,81 1,53 1,97

Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.
Tt ca cac Gia tri dugc biéu thi bang gié tri Trung binh = Do léch chuan SD vai n = 18; (*): Chiéu cao trung binh 3 vu.



b. Anh huong cua ham luong Pb trong nudc tuoi dén tang truong s6 la

L4 duoc coi l1a mot trong nhitng cdy quan trong nhat cac co quan do vai tro
caa chdng trong viéc thu anh sang va tao ra thirc an thong qua qua trinh quang hop
(Shu Xiao & cs., 2012). Két qua bang 4.16 cho thay sé 14 cai xanh sir dung nuéc
tudi chira Pb dao dong tir 4,67-5,22 la/cay & giai doan dau va dat 9,52-10,17 la/cay
lic thu hoach. Nudc tudi chira Pb tir 0,1 dén 2ppm khéng nhitng khdng kim ham
ma nguoc lai con co kha niang thuc day sy ra la caa cai xanh so véi déi ching
duogc tudi nudce sach, thé hién rd & giai doan cubi ldc thu hoach.

Tac dong cua Pb dén kha ning ra 14 xa lach dugc trinh bay tai bang 4.17. Két
qua cho thay ¢ tat ca cac nghiém thic s6 14 giai doan 21 ngay sau gieo khong co su
sai khac ¢ y nghia théng ké (P <0,05) la 3,69-3,8 la/cay. Su c6 mat cua Chi trong
nude tudi di anh huong dén tang truong sb 14 thé hién rd & giai doan 41 ngay sau
gieo va giai doan cudi lic thu hoach. Nong d¢ Pb trong nudc tudi 0,1 dén 2ppm
cling nhu nghiém thire déi ching, cho két qua s6 14 xa lach cao hon han (9,99-10,11
la/cay) so véi trudng hop nude tudi chira nong do Pb 4ppm chi dat 9,31 la/cay.

Két qua tai bang 4.18 thé hién su anh huéng cia Pb trong nudc dén ting
truong s6 14 cia rau mong toi. O giai doan trudc 30 ngdy sau gieo, anh huong
ctia Pb chua thé hién rd dén sy ra 1a mong toi. Khi thoi gian sinh trudng ting 1én
cling véi viéc cung cip nudce tudi chira Pb sb 14 ¢ cac cdng thirc da c6 sy khéc
biét c6 ¥ nghia théng ké (P <0,05). S 14 & giai doan cudi (45 ngay sau gieo), V4i
nong do Pb 2-4ppm cho két qua 14,19-14,5 l1a/cay, thap hon c6 ¥ nghia thong ké
S0 Vi cac nghiém thirc con lai (14,74-15,24 a/cay).

c. Anh huwong cua ham luong Pb (ppm) trong nuoc tuwoi dén chi s6 SPAD

Chi khéng phai 1a chat dinh dudng cua thuc vat va ham luong Pb cao anh
huong tiéu cuc dén cac diac diém hinh thai, sinh ly va sinh hoa cua thyuc vat. Su
suy giam toc do quang hop qua trung gian Pb duogc phat hién 1a két qua cua su
phan hay chat diép luc, han ché CO, giam van chuyén dién tir va hoat dong thap
cua c&c enzyme chu trinh Calvin (Ikkonen & Kaznina, 2022).

Két qua bang 4.19 va hinh 4.7 cho thay, véi cdng thac thi nghiém cé chaa
ham lugng Pb tir 0 dén 4ppm thi chi s6 SPAD cua cai xanh khong bi anh huong,
dao dong tir 35,93 dén 36,05 va khong c6 su sai khac c6 ¥ nghia théng ké(P <0,05)
0 riéng I¢ tirng vu cling nhu tinh trung binh qua 3 vu.
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Bing 4.16. Anh huéng ciia ham lwong Pb (ppm) trong nuéc twéi dén so 1aC) cai xanh

Thoi gian sau gieo (ngay)

Cong thic 10 15 20 25 30 35
PbO 4,67°+ 0,89 5,65°+ 0,76 6,78 +0,72 7,54°+0,72 8,654+ 0,76 9,52°+ 0,75
Pb0,1 4,87 + 0,62 5,72 + 0,66 6,74°+ 0,73 7,87°+£0,67 8,789+ 0,77 9,91% + 0,98
Pb0,5 4,96™ + 0,61 5,96 + 0,73 7,072+0,73 8,312+ 0,75 9,282+ 0,76 9,98% + 0,76
Pb1,0 5,222+ 0,9 6,152+ 0,76 7,172+0,75 8,262+ 0,91 9,2% +0,88 10,172+ 0,84
Pb2,0 5,02® + 0,79 5,7°° + 0,66 6,98%° + 0,81 8,06% + 0,76 9% + 0,7 9,93 +0,8
Pb4,0 5,09% +0,9 6%+ 0,58 7,04 + 0,67 7,87°+0,73 8,98 +0,71 9,74 + 0,65
LSDo,os 0,3 0,26 0,27 0,29 0,29 0,3

Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.

Tét ca cac Gia tri duoc biéu thi bing gia tri Trung binh + Do léch chuin SD véi n = 18; (*): Sé I4 trung binh 3 vu



8.

Bing 4.17. Anh huéng ciia ham lwong Pb (ppm) trong nuéc twéi dén so 140 xa lach

Thoi gian sau gieo

Cong thire 21 26 31 36 41 46
PbO 3,72°+0,6 4,67°+0,51 5,672+ 0,51 6,63+ 0,65 8,092+ 0,78 9,99% + 0,86
Pb0,1 3,742+ 0,59 4,76® + 0,58 5,69 + 0,51 6,572 + 0,64 8,5+ 0,69 10,07® +0,8
Pb0,5 3,8+ 0,59 4,94+ 0,68 5,632+ 0,56 6,522+ 0,77 8,33% +0,78 10,07® + 1,13
Pb1,0 3,82+ 0,59 4,81% +0,59 5,612+ 0,56 6,412 + 0,63 8,31% + 0,77 10,112+ 1,11
Pb2,0 3,722+0,53 4,61°+0,53 5,65% + 0,59 6,52% + 0,86 8,3%+0,92 10,05® + 1,15
Pb4,0 3,69%+ 0,61 465" + 0,62 55%+0,5 6,44% + 0,6 8,17°+0,77 9,31°+0,8
LSDo,os 0,22 0,22 0,2 0,26 0,29 0,35
Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.
Tt ca céc Gia tri duoc biéu thi bang gia tri Trung binh + Do léch chuin SD véi n = 18; (*): Sé l4 trung binh 3 vu
Bang 4.18. Anh hwéng ciia ham lwong Pb (ppm) trong nwée twdi dén so 147) mong toi
Cong thire Thoi gian sau gieo
20 25 30 35 40 45
PbO 2,50°+0,5 4,48 + 0,64 6,69 + 0,84 8,43" + 0,84 11,46® + 1,57 14,74%¢ + 1,38
Pb0,1 2,48+ 0,50 4,56+ 0,77 6,832+ 0,88 8,85% + 1,25 12,042 + 1,49 15,24% + 1,68
Pb0,5 2,612+ 0,49 4,48+ 0,61 6,892+ 0,98 9,132+ 1,15 11,91+ 1,53 14,85%¢ + 2,08
Pb1,0 2,433+0,5 4,432+ 0,6 6,43+ 0,77 8,96% + 1,43 11,57% + 1,49 15,02% + 1,83
Pb2,0 2,442+ 0,5 4,56+ 0,72 6,69 + 0,89 8,44° + 1,28 11,50% + 1,46 14,50 + 1,53
Pb4,0 2,482+ 0,5 4,522+ 0,77 6,93+ 0,99 8,91% +1,79 11,09° + 2,88 14,19° + 2,66
LSDoos 0,19 0,26 0,34 0,50 0,69 0,72

Ghi chi: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.

Tt ca cac Gia tri dugc biéu thi bing gié tri Trung binh + Do léch chuan SD véi n = 18; (*): Sb 14 trung binh 3 vy



Bang 4.19. Anh hwéng ciia Pb trong nuée twéi dén SPAD ciia rau

Cong thirc Vul Vu 2 Vu 3

Cai xanh
PbO0 33,09% + 1,26 38,482+ 0,89 36,582+ 0,75
Pb0,1 33,238+ 1,52 38,512+ 0,86 36,4*+0,9
Pb0,5 33,172+ 1,3 38,432+ 0,84 36,362 + 0,69
Pb1,0 33,072+ 1,19 38,48 + 0,89 36,472 0,75
Pb2,0 33,132+ 1,24 38,38+ 0,82 36,5°+0,73
Pb4,0 32,98+ 1,37 38,42* + 0,83 36,38 + 0,67
LSDo,05 1,25 0,81 0,71

Xalach
Pb0 28,64 + 0,89 35,322+ 1,13 33,08+ 1,08
Pb0,1 28,74+ 1,17 35,08% + 1,16 32,86+ 1,08
Pb0,5 28,122+0,9 34,9% +111 32,97+ 1,03
Pb1,0 28,33% + 1,34 34,29%¢ + 134 32,18% +0,79
Pb2,0 27,780 £ 1,75 34,1+ 1,34 31,71°+ 1,12
Pb4,0 26,81° + 1,42 33,78°+1,89 31,66+ 1,5
LSDo,0s 1,21 1,11 1,06

Mong toi
PbO0 39,312+ 0,88 42,712+ 0,81 45,22+ 1,01
Pb0,1 39,31+ 0,88 42,712+ 0,81 45,02% + 1,18
Pb0,5 38,98% + 1,04 41,91% +1.81 44,56 + 1,38
Pb1,0 38,3+ + 0,79 41,19* + 1,73 43,89 + 1,6
Pb2,0 37,86°+ 0,73 40,5% +1,62 43% + 1,05
Pb4,0 379+0,82 39,679 +0,92 4229°+14
LSDo,s 0,82 1,29 1,22

Ghi chi: Cac chir cai khac nhau trén ciing mét cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;
Tt ca cac Gia tri dugc biéu thi biang gié tri Trung binh + Do léch chuan SD véin = 9.
Sy thay d6i ham luong diép luc da duoc phat hién boi Capelo & cs. (2012)
d6i voi cay rau xa lach duoc tudi bang nudc nhidm chi trong 15 ngay.
Két qua nghién cau voi tac dong cia 5 mac nhidm Pb trong nudc tudi trén
xa lach cho thay, ting lugng Pb trong nudc tudi lam giam dan chi sé6 SPAD cua
14 xa lach. Xa lach dugc tudi nudc sach o gia tri nay cao nhat (32,35), khéng co
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su sai khic co ¥ nghia théng ké (P <0,05) so v&i trudng hop nude tudi chira 0,1
va 0,5ppm Pb. Su thay d6i khac biét rd so véi dbi chimg tudi nuéc sach khi nong
do Pb tur 1-4ppm.

Ddi véi rau mdng toi, xu huéng anh huéng cua Pb trong nudce tudi dén chi
s6 SPAD ciing twong ty nhu dbi vai xa lach. Chi s SPAD cua 14 mong toi giam
& nghiém thac c6 ndng do Pb trong nude tudi cao. Gia tri ndy cao nhat & cong
thirc tuwdi nudc sach (42,41) va giam dan, thip nhit ¢ nghiém thic tudi nuéc
chua 4ppm Pb (39,65).
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Hinh 4.7. Anh hwéng ciia Pb trong nwéc tudi
dén chi s6 SPAD trung binh 3 vu ciia cai xanh
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Hinh 4.8. Anh hwéng ciia Pb trong nuéc tudi
dén chi s6 SPAD trung binh 3 vu ciia xa lach
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Hinh 4.9. Anh hwéng ciia Pb trong nuéc tudi
dén chi s6 SPAD trung binh 3 vu ciia mong toi

d. Anh huong cua Pb trong nudc tudi dén nang sudt cua rau

Nuée tudi ¢ chira Pb véi cac nong do tir 0,1 dén 4ppm sir dung tudi qua 3
vu thi nghiém cho cai xanh, xa lach va mong toi anh huéng dén cac chi tiéu sinh
truong (chidu cao, sé 14) & cac bang trén. Két qua tac dong tong hop dén chi tiéu
trén thé hién qua ning suat rau. Qua 3 vu thi nghiém, két qua anh huoéng cua Pb
trong nude tudi dén khdi lugng tuoi ciia rau cai xanh dugc trinh bay tai bang 4.20
va hinh 4.10 cho thy: Nudc tudi chira Pb tir 0,1 dén 2ppm thuong xuyén khdng
lam anh huong dén khéi luong twoi cta rau cai xanh, khong c6 sy sai khac co y
nghia (P >0,05), dao dong tir 213,34 dén 227,11 g/chau. Trong khi d6, nghiém
thirc tuwdi nude sach khdi lwong twoi ciia rau dat thip hon (200,56 g/chau) va gia tri
nay thap nhit & trudng hop duogc tudi nude chira 4pp Pb (152,72 g/chau).

Bang 4.20. Anh hwéng
ciia Pb trong nwéc twéi dén ning suit ciia rau cii xanh

Cong thire Vul Vu?2 Vu3
PbO 112,7% +7,22 244,677 £ 48,64 244.3° + 27,48
Pb0,1 117,5a + 20,81 271,63%+17,12 289,8% + 8,88
Pb0,5 129,6% + 9,55 257,03*+ 37,75 294,7% + 6,26
Pbl1,0 118,27+ 6,16 274,72 + 20,97 280,13% + 10
Pb2,0 110,93% + 11,48 262,47% + 43,43 266,63 + 7,55
Pb4,0 95,9 + 8,49 148,33"+9,27 213,937+ 13,15
LSDo0s 20,78 58,54 25,19

Ghi chi: Cac chir cai khac nhau trén ciing mét cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;
Tt ca cac Gia tri dugc biéu thi bang gié tri Trung binh + D6 léch chuan SD véi n = 3.
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Hinh 4.10. Anh hwéng
ciia Pb trong nwéc twdi dén ning suét trung binh 3 vu cia rau cai xanh

Tac dong dén nang suat rau xa lach thé hién qua bang 4.21 va hinh 4.11. Sir
dung nudc tudi nhiém Pb ¢ ndng d6 tir 0,1 dén 2ppm cho ning sut xa lach tir
157 dén 161 g/chau, khong c6 su sai khac so vai nghiém thic tudi nuée sach.
Trong khi d6, khi duoc tudi nuéc co ndong do chi 1én téi 4ppm lién tuc qua 3 vy,
ning suit xa lach luén & muac thap nhat, trung binh 12 128,4 g/chau. Diéu nay c6
thé giai thich boi nong do Pb nay ludn 1am cho chiéu cao va sé 14 ¢ xa lach thap
hon han so véi cac cong thirc con lai.

Bang 4.21. Anh huéng
ciia Pb trong nuéc twéi dén ning suit ciia rau xa lach

Cong thire Vul Vu 2 Vu3
PbO0 113,6% + 10,11 112,83% +9,94 240,42+ 12,32
Pbo,1 119,13* + 15,52 114,5% + 12,77 2435+ 17,73
Pb0,5 116,83+ 3,82 122,57 + 21,35 245,83 + 1357
Pb1,0 103,33% + 9,49 115,17% + 7,84 257,23 + 13,87
Pb2,0 116,27% + 19,58 111,3% + 24,78 243,63 + 34,41
Pb4,0 95,13° + 6,52 92,03° +8,94 198,07° + 18,2
LSDo,s 21,47 27,88 35,27

Ghi chi: Cac chir cai khac nhau trén ciing mét cot thé hién su sai khac c6 ¥ nghia & mirc P <0,05;
Tt ca cac gia tri duoc biéu thi bang gia tri Trung binh + Do léch chuin SD vain = 3.
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Hinh 4.11. Anh hwéng ciia Pb trong nuéc tuéi
dén niing suit trung binh 3 vu caa rau xa lach

Anh huong cua Pb chira trong nuéc tudi dén ning sudt mong toi c6 xu
huéng twong ty voi xa lach. Két qua ¢ bang 4.22 va hinh 4.12 cho thiy, ning
sudt mong toi thap nhat khi tudi nuée chira 4ppm Pb (114,56g/chau), trong khi
d6 tudi nhiém 0,1ppm cho ning sut rau cao nhat (154,94g/chau) va khdng co su
sai khac théng ké (P <0,05) vdi cac trudng hop con lai.

Bang 4.22. Anh hwéng
ciia Pb trong nwéc twéi dén ning suit ciia rau mong toi

Cong thire Vul Vu?2 Vu3
PbO0 161,83% + 26,83 120,23* + 38,64 155,43% + 59,53
Pb0,1 168,872+ 55,19 138,672+ 0,96 157,272 + 20,11
Pb0,5 162,072+ 5,31 136,6 + 12,93 147,577+ 13,93
Pb1,0 150,3% + 45,76 130,6% + 5,14 142,177+ + 29,19
Pb2,0 156,5%+ + 25,61 120,730+ 7,22 130,27% + 14,56
Pb4,0 141,472+ 2,9 92,4°+83 109,8° + 9,57
LSDo,s 28,79 30,88 30,56

Ghi chi: Céc chir cai khac nhau trén cting mot cot thé hién sy sai khac ¢6 ¥ nghia & mirc P <0,05;
Tét ca cac Gia tri dugc biéu thi bang gié tri Trung binh + D6 léch chuan SD véi n = 3.
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Hinh 4.12. Anh hwéng
ciia Pb trong nwéc twdi dén ning suit trung binh 3 vu cia rau mong toi

4.2.1.3. Anh hwong ciia ham lwong Cd trong nwéc twdi dén ting trwong va
ndang sudt cia rau
a. Anh huong ciia ham heong Cd trong nwéc twdi dén tang trucng chiéu cao ciia rau

Anh huéng ciia Cd dén ting truéng chiéu cao cua cay cai xanh duogc thé
hién trong bang 4.23.

Chiéu cao cai xanh qua céac giai doan ¢ sy ting trudng khac nhau giira cac
nghiém thuc. Thoi diém ban dau, sau 10 ngay gieo hat, cac muc chira Cd trong
nuéc tudi chura anh huang nhiéu dén chiéu cao cay, ma chi thé hién rd tir 15 ngay
sau gieo. Quan sat thay ¢ tit ca cac thoi ky, cai xanh dwgc tudi nudc nhiém
0,5ppm Cd ludn c6 mirc ting trudng chiéu cao vuot troi so vai nghiém thic tudi
nuée khong nhiém Cd ciing nhu cac truong hop con lai trong thi nghiém. Thoi
diém thu hoach nghiém thic ndy cai xanh c6 chiéu cao Ion nhat dat 30,15cm.
Nghién ctru truée day vé anh huong cua cac mac Cd trong dat phu sa dong bang
séng Hong dén ting truong chiéu cao cua cai mo cua tac gia Ha Manh Thang
(2019) ciing cho két luan viéc bo sung Cd vao dét trong tir 1 dén 5 mg/kg dat kho
khong kim hadm su phét trién ma con c6 tac dung kich thich ting truéng chiéu
cao cdy (Ha Manh Thang, 2019).

Rau xa lach (Lactuca sativa L.) 1a mot loai rau 14 phd bién dugc trong
thwong mai va trong vuon nha trén toan thé gioi. Rau xa lach rat giau vitamin, chat
X0, it calo ciing nhu 1a ngudn cung cap carotenoid, c6 lgi cho sic khoe con
ngudi. Ngoai ra, nd con chtra nhiéu khoang chét dinh dudng nhu Ca, Fe, Zn, Se,...
rat can thiét cho co thé con nguoi dé duy tri chirc ning binh thuong bang cach
dong vai tro 13 chit dién giai (Matraszek & cs., 2016). Rau xa lach dugc danh gia
cao Vi gia tri dinh dudng cao va thuong dugc dung trong moén salad nhu mét loai
rau twoi. N6 ¢6 kha ning tich liiy Cd cao tir ddt ma khong biéu hién cac triéu
ching nhiém doc kim loai rd rang, gay nguy co tiém an cho sic khoe con ngudi.
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Biang 4.23. Anh huéng ciia Cd trong nuéc twéi dén chidu cao cai xanh

Pon vi: cm
Thoi gian sau gieo (ngay)
Cong thire
10 15 20 25 30 35

Cdo 5,09% + 3,35 5,71° + 0,67 8,279+0,7 14,69° + 1,47 22,31% + 2,06 27,47 + 2,02
Cdo,01 4,99° 0,52 6,19+0,78 8,669+ 1,0 14,99% + 1,41 21,6 +2,12 27,93+ 1,88
Cd0,05 5,18% + 0,61 6,41° + 0,97 9,25° + 1,54 13,51°+2,43 20,46% + 3,27 28,23° + 2,95
Cdo,1 5,33 + 0,6 6,67 + 1,16 10,02° + 2,27 13,84°+ 2,87 20,65% +4,17 26,219+ 4,8
Cdo,5 5,69 + 2,45 7,112+ 0,86 10,69* + 2,33 15,512 + 2,42 22,93%+3,33 30,15% + 4,43
Cd1,0 5,28% + 0,48 6,93°+1,23 10,672 + 2,45 15% + 2,43 22,1% + 278 26,49% + 4,16
LSDo,0s 0,66 0,31 0,56 0,64 0,97 1,19

Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05;

Tt ca cac Gid tri dugc biéu thi bang gié tri Trung binh = Do léch chuan SD vai n = 18; (*): Chiéu cao trung binh 3 vu.



Véi 5 mic nhidém Cd trong nude tudi sit dung cho xa lach qua 3 vu trong
lien tiép cho thdy anh hudng dén ting truong chiéu cao thé hién ¢ bang 4.24.
Nong d6 Cd khac nhau trong nudc tudi ¢6 anh hudng dén tang truong chiéu cao
ctia xa lach qua cac giai doan sinh truéng. Trong khoang thoi gian tir 31 dén 41
ngay sau gieo, chiéu cao cy ting manh (9,63 dén 11,25cm). Nudce tudi chira Cd
& ngudng 0,5ppm c6 kha ning thuc ddy chiéu cao xa lach ludn vuot troi, 16n nhat
o giai thu hoach 1a 23,33cm. Trong khi d6 tang Cd & nudc tudi [én muc 1ppm lai
lubn cho gi4 tri chiéu cao cay thap nhat, chi dat chiéu cao cay cudi cung la
22,3cm. Nghién cau cua Walid Zorrig & cs. (2013) cho thy rang Cd liéu thap
(0,1uM CdCly) cé kha nang kich thich tang truedong & xa lach.

Ham luong Cd cao hon 0,5ppm ¢ ché ting truong chiéu cao cay, diéu nay
c6 thé 1a do Cd can tro hap thu chat dinh dudng, quang hop, hd hap, dan nuéc
cling nhu dong hoa carbon va nito ciia cay (Rizwan Muhammad & cs., 2016).
Diéu nay c6 thé do Cd cung véi nudc va chat dinh dudng duoc van chuyén vao
cac bo phan trén khéng cua cdy, anh hudng truc tiép dén qua trinh trao doi chat
cua té bao gop phan lam giam chiéu cao cua cay (Shanker & cs., 2005). Thyc té
la Cd lién két véi thanh té bao ré, do d6 can tré sy phan chia va kéo dai té bao.

Chiéu cao mong toi ting dan qua cac giai doan sinh trudng, két qua tai bang
4.25 cho thay: Giai doan trudc 45 ngay chiéu cao cdy & cac nghiém thic st dung
nude tudi chira Cd véi cac nong d6 khac nhau c6 sy khac nhau (P <0,05). Nudc
tudi nhidm Cd & muac 0,5 dén 1ppm ludn cho két qua chiéu cao cdy 16n hon so
Vvé6i cac nghiém thic con lai. Tuy nhién, thoi diém truéc khi thu hoach (45 ngay
sau gieo) chiéu cao cay lai c6 gi4 tri trong duwong nhau, khéng c6 su sai khac c6
¥ nghia (P <0,05), dao dong tir 33,87 dén 35,62cm.

b . Anh huéng ciia ham lwong Cd trong nuée twi dén s6 ld cia rau

Theo ddi dong thai ra 14 cia cai xanh trong suét qué trinh sinh truéng dudi
tac dong cua viéc nhiém Cd tir nude tudi thdy rang cac ngudng Cd trong thi
nghiém khong lam thay doi hinh théi cay so véi cong thire tudi nudc sach va két
qua tai bang 4.26 cho thay: sb 14 & tit ca cac cdng thic ting dan theo thoi gian
sinh trudng, nudc tudi chira Cd véi muac tir 0,01 dén 1ppm ludn cho két qua cao
hon so v6i ddi ching (tudi nuée sach). Thoi diém trude thu hoach (35 ngay sau
gieo), sb 14 cai xanh thap nhit & cong thirc twdi nudc sach (9,46 la/cay), céc
nghiém thizc con lai cho s6 14 cao hon, dao dong tir 9,7-9,94 la/cay va khéng co
su sai khac c¢6 y nghia (P >0,05).
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Biang 4.24. Anh huéng ciia Cd trong nuéc twéi dén chiéu cao™ xa lach

Pon vi: cm
Thdoi gian sau gieo (ngay)

Cong thire

21 26 31 36 41 46
Cdo 5,8% + 0,65 7,21°+0,77 9,46 + 1,03 13,949+ 1,28 19,66 + 1,79 22,68% +1,73
Cdo,01 5,81% + 0,57 7,24° 0,55 9,59°+1,13 14,9% + 2,33 20,34% + 2,27 23,322+ 1,99
Cdo0,05 5,81%+ 0,56 7,31% + 0,66 9,574+ 1,03 14,73* + 2,7 19,2+ 2,35 23% + 206
Cdo,1 5,59 + 0,54 7,39% +0,69 9,69% + 0,98 15,34 + 1,59 20,942 + 2,14 22,72% + 2,16
Cdo,5 5,97+ 0,59 7,54°+0,73 9,58+ 0,72 16,23+ 1,32 20,33 + 1,85 23,33+ 2,53
Cd1,0 5,68+ 0,45 7,3%+0,59 9,392+ 0,74 14279+ 23 19,49+ 2,1 22,3°+1,69
CV% 9,67 9,03 9,85 13,35 10,47 8,95
LSDo,0s 0,21 0,25 0,36 0,75 0,79 0,78

Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.

Tét ca cac Gia tri dugc biéu thi bang gid tri Trung binh + D6 léch chuan SD véi n=18; (*): Chiéu cao trung binh 3 vu.
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Biang 4.25. Anh huéng ciia Cd trong nuéc twéi dén chiéu cao™) mong toi

Pon vi: cm
Thoi gian sau gieo (ngay)
Cong thirc
20 25 30 35 40 45

Cdo 4,44°+ 0,53 5,249 + 0,54 7,965+ 141 12,569+ 2,12 21,97°+ 4,76 34,30 + 6,81
Cdo0,01 4,44°+ 0,53 5,41% +0,71 8,11 + 1,43 13,12% + 2,28 22,06° + 4,93 33,87%+ 6,38
Cdo,05 4,44° + 0,49 5,65% + 0,77 8,59% + 1,67 13,86™ + 2,32 22,41% + 4,68 34,708 +5,75
Cdo,1 4,56 + 0,5 5,66 + 0,66 8,692 + 1,65 14,25% + 211 23,40%¢ + 4,12 35,15°+ 5,13
Cdo,5 4,67% +0,55 5,84% +0,73 8,79+ 1,54 14,70* £ 2,15 23,73% + 3,69 34,78% + 4,95
Cd1,0 4,762+ 0,54 5,952+ 0,79 8,63% +1,36 14,58% + 2,43 24,40 + 3,64 35,622 + 4,63
CV% 11,0 12,21 16,94 15,87 18,34 15,95
LSDo,os 0,19 0,26 0,54 0,83 1,60 2,10

Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.
Tt ca cac Gia tri dugc biéu thi bang gié tri Trung binh + Do léch chuan SD vai n = 18; (*): Chiéu cao trung binh 3 vu.
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Bang 4.26. Anh hwéng ciia Cd trong nwéc twéi dén s6 14 cai xanh

Don vi: la/cay
Cong thire Thoi gian sau gieo (ngay)
10 15 20 25 30 35

Cdo 4,57°+ 0,66 5,65°+ 0,76 6,78 + 0,72 7,549 +0,72 8,65+ 0,76 9,46° + 0,77
Cd 0,01 4,78* +0,6 5,65¢ + 0,65 6,65 + 0,76 7,67%+0,75 8,69 + 0,75 9,912+0,98
Cd 0,05 5,0% +0,58 5,96% + 0,73 7,02 +0,71 8,228+ 0,77 9,192+ 0,78 9,942+ 0,79
Cdo,1 5,13+ 0,58 6,172+ 0,75 7,242 +0,73 8,24*+ 0,89 9,22+ 0,86 9,932+0,8
Cd0,5 4,96% + 0,51 5,76 + 0,64 7,04% +0,75 8,06 + 0,68 9,042+ 0,7 9,912+0,83
Cd1,0 5,06+ 0,6 5,98% + 0,57 6,98% + 0,69 7,89 + 0,69 8,96® + 0,75 9,7% + 0,66
LSDo,s 0,22 0,26 0,27 0,28 0,29 0,31

Ghi chi: Cac chir cai khac nhau trén ciing mot cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;
Tt ca cac Gid tri dugc biéu thi bang gié tri Trung binh + D6 léch chuan SD véi n = 18; (*): S 14 trung binh 3 vu.
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Bang 4.27. Anh hwéng cia Cd trong nuéce twéi dén sé 147 xa lach

Don vi: la/cay
Thoi gian sau gieo (ngay)
Cong thire
21 26 31 36 41 46
Cdo 3,722+ 0,6 4,67+£0,51 567+ 0,51 6,632+ 0,65 8,092+ 0,78 9,69% + 0,86
Cdo,01 3,56°+0,5 4,632 + 0,52 5,612+ 0,56 6,54% + 0,69 8,228+ 1,02 9,87%+0,91
Cdo,05 3,82+0,56 4,76+ 0,58 5,612+ 0,6 6,57 +0,77 8,26+ 0,89 9,942+1,11
Cdo,1 3,782+ 0,57 4,76 + 0,55 5,522+ 0,54 6,563% + 0,67 8,26+ 0,78 9,892+1,0
Cdo,5 3,67 +0,55 4,63*+0,52 5,64+ 0,57 6,52 + 0,72 8,282+ 0,81 102+1,24
Cd1,0 3,76 + 0,58 4,74*+ 0,59 5,672+0,61 6,46 + 0,57 8,15*+ 0,76 9,35" +0,85
LSDo,05 0,21 0,21 0,21 0,25 0,31 0,36

Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05.

Tt ca cac Gia tri dugc biéu thi bang gié tri Trung binh + Do léch chuan SD vai n = 18; (*): S 14 trung binh 3 vu.



16

Bang 4.28. Anh huwéng ciia Cd trong nuéc twéi dén s6 147 mong toi

Pon vi: la/cay
Thoi gian sau gieo (ngay)
Cong thire
20 25 30 35 40 45
Cdo 2,508+ 0,5 4,48% + 0,64 6,69% + 0,84 8,439+0,84 11,46%¢ + 1,57 14,74%¢ + 1,38
Cdo,01 2,508+ 0,5 4372+0,71 6,592 + 0,96 8,52+ 1,02 10,91¢+1,5 14,37 + 1,62
Cd0,05 2,482+ 0,5 4,48% + 0,67 6,932+ 1,2 9,13%+ 1,05 11,31+ 1,37 14,56 + 1,38
Cdo,1 2,572+ 0,54 4,56% + 0,86 6,802+ 1,14 9,04° + 1,05 11,56® + 1,27 15,02 + 1,72
Cdo,5 2,482 +0,5 4,46% + 0,66 6,722+ 0,96 9,48% +0,93 11,892 +1,7 15,172+ 15
Cd1,0 2,508+ 0,5 4522+ 0,67 6,692 + 0,99 8,85 + 1,22 11,24 + 1,58 14,39° + 1,96
LSDos 0,19 0,27 0,39 0,39 0,57 0,61

Ghi chu: Cac chit cai khac nhau trén ciing mot cot thé hién sy sai khac c6 ¥ nghia & muc P <0,05;

Tt ca cac Gia tri dugc biéu thi biang gié tri Trung binh + Do léch chuan SD véi n = 18; (*): Sb 14 trung binh 3 vy



Xa lach 1a mét trong nhiing loai rau an 14 nén s6 14 va kha ning ra 1a dong vai
tro rat quan trong gop phan quyét dinh ning sut. Dudi tac dong caa Cd chira trong
nudc tudi trong sudt qua trinh tir 10c cdy ra 14 that tha 2,3 thi dong thai ra 14 cua xa
lach qua bang 4.27 cho thay cac muc Cd bd sung vao nude tudi khong lam anh
hudng dén dong thai ra 14 cua xa lach tir giai doan dau cho dén 41 ngay sau gieo.
S 14 xa lach dén thoi diém thu hoach & nghiém thic nhidm Cd muc 1ppm c6 gia
tri thip nhat (9,35 la/cay). Trong khi ¢ cac nghiém thirc c6 mic nhiém Cd thap
hon cho két qua twong duong, khong co sy sai khic c6 y nghia (P >0,05) so voi
nghiém thtrc tudi nude khéng nhiém Cd, két qua dao dong tir 9,69 dén 10 la/cay.

D6i voi rau mong toi, két qua cho thay rang bd sung Cd vao nuée tudi sir
dung cho rau mong toi khéng anh huéng dén dong thai ra la cua loai rau nay
tinh dén trudc 35 ngay sau gieo. Sau thoi diém nay, sé 14 mong toi c6 sy sai
khac giira cac cong thic. Mong toi str dung nudc tudi ¢6 ham luong Cd 0,5ppm
ludn cho gi4 tri sb 14 cao hon céac trudong hop con lai. Thoi diém thu hoach (45
ngay sau gieo), & nghiém thirc nay so 1a dat 15,17 la/cay, khong co sy sai khac
(P >0,05) so vai nghiém thuc 1 (CdO) va nghiém thuc 4 (Cdo,1).

c. Anh hwong ciia ham lwong Cd trong nwéc tudi dén chi s6 SPAD

Cd dugc biét 1a nguyén t6 c6 kha ning cao wc ché quang hop trén cay trong.
Mot trong nhitng doc tinh cia Cd d6i véi thuc vat d6 1a 1am thay doi vé cau tric
lyc lap, giam ham luong diép luc trong I cay, gay ra bénh Ga vang va giam thiéu
hoat dong quang hop cua cay trong (Miyadate & cs., 2011). Nhiéu loai cay trong
(d¢au Ha Lan, ngd, lta mach, cai dau, dau xanh va lta mi khi tiép xuc véi Cd trong
thoi gian ngin hay dai han déu c6 hién tuong hoat dong quang hop bi @c ché
(Haider & cs., 2021). Nghién ciru sir dung nuée tudi nhiém Cd véi 5 muc tir 0,01
dén Ippm dén 3 loai rau an 14 thé hién tai bang 4.29 cho thiy xu hudng tac dong
Cd dén quang hop cua cay thdng qua chi sé trung gian SPAD c6 cing xu huéng
theo cac két qua nghién ctru cua céc tac gia da cong bd. Theo ddi sau 3 vu trong,
trén ca 3 loai rau gom cai xanh, xa lach va mong toi nhan thay tang ham lugng Cd
trong nudc tudi 1am giam chi s6 SPAD. Trén rau cai xanh, chi s6 nay dao dong tir
35,18 dén 36,05. Muc Cd phai ting 1én ngudng 1ppm thi chi s6 SPAD trén I4 cai
méi ¢o biéu hién suy giam c6 y nghia so véi ddi chimg (2,41%) ciing nhu so voi
cac mic Cd nho hon. Pi véi xa lach, SPAD tai nghiém thirc sir dung nudc tudi
0,05ppm cho két qua 1a 31,28 bat dau giam so véi BC va ngudng 0,01ppm. Gi tri
nay giam dan tir 30,49; 29,60 va con 28,94 (giam twong tng 5,57%; 8,5%;
10,54%) clng Véi viéc tang ham luong chiu sy tic dong boi nong do6 Cd trong
nuéc nhu 2 loai rau trén. Gia tri ndy ¢ nghiém thac tuwéi nuéc sach cao nhat
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(42,41), khong c6 sy sai khac c6 y nghia cing véi nghiém thie 2 (tudi nudc nhiém
0,01ppm Cd). SPAD c6 dau hiéu suy giam tir nghiém thirc 3 (twdi nudc nhidm
0,05ppm Cd) tro di va thip nhat (39,43) khi méng toi duoc tudi nuwéc chira 1ppm
Cd 14 39,43 (giam 7,03%).

Bang 4.29. Anh hwéng ciia Cd trong nuwéc twéi dén chi s6 SPAD ciia rau

Cong thite Chi s6 SPAD
Vul Vu?2 Vu3l
Cai xanh
Cdo 33,09* + 1,26 36,58+ 0,75 38,48 + 0,89
Cdo,01 32,97%+1,11 36,39 + 0,45 38,34* 0,87
Cd0,05 32,83+ 1,48 36,12 + 0,62 37,99% + 0,74
Cdo,1 32,59% +0,74 36,312+ 0,88 37,92% + 1,27
Cdo,5 32,57 +0,97 36,298+ 1,11 37,89% + 0,51
Cd1,0 32,17°+1.1 36,032+ 1,25 37,34+ 1,07
LSDo,s 0,88 0,84 1,04
Cdo 28,642+ 0,89 35,322+ 1,13 33,08+ 1,08
Cdo,01 28,23% + 1,37 3497%+ 121 32,842+ 1,25
Cdo,05 27,7+ 0,69 33,93+ 1,92 32,21% + 1,08
Cdo0,1 27,08° + 0,96 33,09% + 1,07 31,31 + 1,62
Cdo,5 25,929+ 0,93 32,09% + 1,35 30,78 + 1,38
Cd1,0 25,319+0,9 31,58°+1,33 29,939+1,35
LSDo,05 0,93 1,29 1,24
Mong toi

Cdo 39,312 +0,88 42,712+ 0,81 45,22+ 1,01
Cdo,01 39,08% +0,8 42,38% + 1,48 44,9+ 1,23
Cd0,05 38,6 + 0,98 41,88% + 1,55 44,27 + 1,07
Cdo,1 38,18 + 1,02 41,09 + 1,86 43,39 + 1,84
Cdo,5 37,64% + 1,14 40,13% + 1,97 42,696+ 17
Cd1,0 36,939+ 1,23 39,279+ 1,92 42,09°+ 1,77
LSDo,05 0,97 1,56 14

Ghi chi: Cac chir cai khac nhau trén ciing mét cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;

Tt ca cac Gia tri dugc biéu thi bang gié tri Trung binh + D6 léch chuan SD véin = 9.
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d. Anh hieong ciia ham leong Cd trong miede twdi dén nang sudt ciia rau

Cd trong nudc tudi di c6 anh huong dén ning suit cua rau cai xanh duoc
trinh bay tai bang 4.30 va hinh 4.16. Rau cai xanh st dung nudc tudi nhiém Cd
v6i mirc 0,5ppm cho ning suét trung binh cao hon han so véi truong hop st dung
nuéc sach (PC) ciing nhu cac mic nhiém Cd trong thi nghiém tir 10,41% dén
15,19%. Két qua nay c6 cung xu huéng véi nghién ctu cia mot sé tac gia nhu
(Ha Manh Théng, 2019) va (Phan Thi Thu Hang, 2008). Theo tac gia (Breckle,
1991) mét sé truong hop ting sinh khdi thuc vat do chat 6 nhiém kim loai da
duoc bao céo trong tai liéu, nhung ddy 1a tir cac thi nghiém sir dung ndng d6 kim
loai thap.
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Hinh 4.13. Anh hwéng
ciia Cd trong nuéce twéi dén chi s6 SPAD trung binh 3 vu cia rau cai xanh
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Hinh 4.14. Anh hwéng
ciia Cd trong nuéce twéi dén chi sé6 SPAD trung binh 3 vu cia rau xa lach
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Hinh 4.15. Anh hwéng
ciia Cd trong nudéce twdi dén chi s6 SPAD trung binh 3 vu ciia rau mong toi

Bang 4.30. Anh huéng
ciia Cd trong nuéce twéi dén ning suit ciia rau cai xanh

Don vi: g/chau

Cong thire Vul Vu?2 Vu3
Cdo 112,7°+7,22 244 67% + 48,64 244.3° + 27 48
Cdo,01 114,9° + 7,07 250,3* + 7,63 247,.27° + 5,01
Cdo,05 115,2° + 15,54 252,23 + 9,87 251,73+ 0,91
Cdo,1 117,47° + 12,06 258% + 8,13 260,13% + 27,21
Cdo,5 138,532+ 2,8 280,372+ 9,85 290,572+ 2,71
Cd1,0 120,57°+5,9 243172+ 27,73 264,77% + 16,16
LSDo,05 16,74 42,68 30,72

Ghi cha: Cac chir cai khac nhau trén ciing mét cot thé hién su sai khac ¢6 ¥ nghia & mirc P <0,05.
Tt ca céc Gia tri duoc biéu thi bang gia tri Trung binh + Do léch chuan SD vain = 3.
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Hinh 4.16. Anh hwéng
ciia Cd trong nuéce twéi dén ning suit trung binh 3 vu cia rau cai xanh
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Ning suat xa lach bi anh huong boi nong do Cd trong nude tudi (Bang 4.31
va Hinh 4.17). Qua 3 vu lién tiép, nuéc tudi c6 chia Cd ¢6 anh huong dén ning
suat rau. Nang suat xa lach dao dong tir 137,25 dén 177,35 g/chau. Nudc tudi
nhiém lugng Cd 0,5ppm cho két qua vé chiéu cao va sé 14 xa lach cao nhat (nhu
phan trudc da trinh bay) nén chi tiéu ning suat (g/chau) khi thu hoach & nghiém
thic nay 16n nhét, cao hon 12,26% so véi DC va 22,61% so voi twdi nudc nhiém
1ppm Cd. Tuy nhién, khéng c0 su sai khac c6 ¥ nghia (P <0,05) so vgi nghiém
thizc 3 va 4. Nghién cau anh huong cua kim loai niang dén cay co linh ling cua
(Peralta & cs., 2001) cho thay liéu Cd 5 mg/l 1am giam kich thuéc chdi khoang
16% so vai d6i chung. O lidu 20 mg/l, kich thudc choi ¢o linh lang giam 63% va
gay chét cay & liéu 40 mg/l. Theo (Azizian & cs., 2011), trong luong khd trung
binh cua than 14 xa lach ting nhe khi tudi nudc chira 5 mg/l Cd va giam dang ké
& muc Cd cao nhat (20 mg/I) 1a 21,9% so véi ddi chung.

Bing 4.31. Anh huéng
ciia Cd trong nwée twéi dén ning suit cia rau xa lach

bon vi: g/chau

Cong thire Vul Vu?2 Vu3

Cdo 113,6% + 10,11 112,83 + 9,94 240,4% + 12,32
Cdo,01 113,8% + 15,46 114,97%° + 2 97 243,2% + 24 43
Cd0,05 117,2% + 14,81 128,4% + 16,05 259,13% + 26,93
Cdo,1 122,12+ 7,88 133,778+ 14,21 260,1% + 46,39
Cdo,5 127,8* + 15,35 133,832+ 12,05 270,43* + 29,91
Cd1,0 975" +6,7 98,73°+ 8,81 215,53°+ 15,7

LSDo,05 21,83 20,41 50,14

Ghi chi: Cac chir cai khac nhau trén ciing mot cot thé hién su sai khac ¢6 ¥ nghia & mirc P <0,05.
Tt ca cac Gia tri dugc biéu thi bang gié tri Trung binh = Do léch chuan SD véi n = 3.
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Hinh 4.17. Anh hwéng
ciia Cd trong nwée twéi dén ning suat trung binh 3 vu caa rau xa lach
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Ning suit mong toi bi anh huong béi Cd trong nude tudi va dugc thé hién
qua bang 4.32 va hinh 4.18. Khong quan sét thay su khac biét co y nghia théng ké
Vvé ning sudt mong toi & tirng vu nhung két qua trung binh 3 vu thi c6 su khac

nhau. Két qua cho thidy mic du trong ting vu nudc tudi nhiém cac mac Cd khac

nhau khong 1am anh huéng nang suat rau. Tuy nhién, theo ddi trung binh ning suat
cua 3 vu mong toi cho thiy, tai mac nhidm Cd I6n nhat trong thi nghiém 1a 1,0ppm
cho ning suét rau thap nhét (126,9 g/chau), trong khi d6 mac nhiém Cd thip hon

lai cho ning suat mong toi cao hon, dao dong tir 134,2 dén 155,78 g/chau.

Bang 4.32. Anh huéng

cia Cd trong nwéc twdi dén nang suat cia rau mong toi

Pon vi: g/chau

Cong thire Vul Vu?2 Vu3
Cdo 161,83 + 26,83 110,23 + 38,64 155,43* + 59,53
Cdo0,01 141,4* £ 27,43 1059+ 12,84 155,3% £ 23,68
Cd0,05 159,23% + 20,35 119,07+ 17,17 169,83* + 23,85
Cdo,1 140,73* £ 7,27 122,93* + 11,95 157,63 + 34,82
Cd0,5 165,4% + 42,23 130,572 + 6,17 171,372 + 34,75
Cd1,0 133,42+ 25,04 108,22 +5,34 139,1+ 43,16
LSDo,05 479 33,77 68,73

Ghi cha: Cac chir cai khac nhau trén cting mét cot thé hién su sai khac ¢6 ¥ nghia & mirc P <0,05.
Tt ca cac Gid tri dugc biéu thi bang gié tri Trung binh = Do léch chuan SD vai n = 3.
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Hinh 4.18. Anh hwéng

ciia Cd trong nwée twéi dén ning suit trung binh 3 vu cia rau mong toi
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Két lugn: Ham lwong KLN Cu, Pb va Cd trong nwée twdi cé tac déng dén
sinh treong chiéu cao, soé 14, chi s6 SPAD va ndng sudt rau dn ld (cdi xanh, xa
lach va méng toi). O gisi han nong dg thdp, Cu (0,5-1,6)ppm; Pb (0,1-2)ppm va
Cd (0,5ppm) thic ddy sinh trwong VA lam ting ndng sudt Ciia cdy. Khi ham lrong
Cu trén 1,6 ppm; Pb lon hon 2ppm va Cd vuot qua 0,5ppm thi kha nang sinh
treeng cua rau sé chdm lai, nang sudt giam.

4.2.2. Anh hwéng caa ham lwong kim loai ning trong nwée twéi dén sy tich
lily trong rau an la

4.2.2.1. Anh hwéng ciia ham lwong Cu trong nuwdc twéi dén sw tich liy trong rau

Két qua tich liiy Cu trong rau cai xanh khi sir dung nuéc tudi nhiém ddng
dé tudi qua 3 vu dugc trinh bay ¢ bang 4.33 cho thiy ham lwong Cu trong rau
tang 1én cing voi ting ndéng dd Cu trong nude tudi. Trung binh 3 vy ham luong
Cu trong cai xanh tang tir 5,35 ¢ c6ng thire tudi nudc sach 1én 16,09 mg/kg rau
kho & ngudng Cu 2ppm. Diéu nay, co thé giai thich cho két qua ning suét rau cai
(Bang 4.31) ¢ cong thuc nay co gia tri thap nhat. Mac du, ham lugng Cu trong
rau déu thdp hon TCVN (Bo Nong Nghiép Va Phat Trién Nong Thon, 2007).
Tich liily Cu cua rau cai ¢ vu 3 > vu 2 > vu 1 la vi nudce tudi chira Cu sau khi
dugc dua vao dat, mot phan dugc rau hap thu, van chuyén 1én cac bo phan cua
cay, phan con lai s& duoc dat giir lai va dén vu rau tiép theo s& 1am gia tang nong
d6 Cu trong dat so Vi vu trudc mic du ham luong Cu trong nudc khong doi.

Véi xa lach, két qua tudi nude chira Cu dugc thé hién tai bang cho thay c
su khac biét dang ké (P <0,05) vé ham lugng Cu trong 14 xa lach ¢ cac nghiém
thire. Trong d6, xa lach duoc tudi nudce chira 2ppm Cu c¢6 ham lwong cao nhat
(16,91 mg/kg) va theo thr tu giam dan nong do Cu trong nuéc, & cdng thie ddi
chang tudi nuéc sach cho gia tri thap nhat (5,62 mg/kg). Nhu vay, ¢6 sy gia ting
ham lugng Cu trong rau xa lach dwgc tudi bang nudc chira Cu nhung ham luong

Cu thap hon gidi han cho phép cia TCVN 1a 30 mg/kg.

Véi rau méng toi, xu thé tich lily Cu twong tu nhu & xa lach va cai xanh.
Nong do Cu trong nuée ting tir 0 dén 2ppm, ham luong Cu trong than va la
mdng toi (phan an dugc) trung binh qua 3 vu ting tir 4,41 dén 11,27 mg/kg rau
kho. Gi4 trj tich lily Cu dat cao nhat & nghiém thuec tudi 2ppm Cu, khéng c6 sy
sai khéc (P <0,05) véi cong thire tudi 1,6ppm Cu va nam trong gii han cho phép
theo TCVN vé ham luong Cu trong rau in l4.
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Bang 4.33. Anh hwéng
ciia ham lwong Cu trong nuéc twéi dén sy tich lily Cu trong rau

Don vi: mg/kg rau khd

Cong thirc Vul Vu?2 Vu3 Trungbinh  TCVN*

Cai xanh
Cu0 5579+0,26  536°+0,27  511°+0,1  535'+0,28
Cu0,2 6,34°+0,2  6539+027 7,1°%022  6,66°+04
Cu0,5 8479+023 872+019 9499+041 8,899+0,53
Cu0,3 962°+#0,36  1056°+04  12,3°+0,36 10,83°+1,.22
Cul6 1252°+0,33 13,82°+04 14,63°+0,37 13,66"+0,96
Cu2,0 1321°+0,42 1562°+0,71 19442206 16,09°+277
LSDo,s 0,55 0,73 0,67 13

Xa lach

Cu0 569'+0,28  56/+034  557'+021 5627+0,25
Cu0,2 6,63°+028  681°+x02  7,62°+0,36 7,02°+052
Cu0,5 89+0,12 9119+0,33  999+031  9,279+0,54
Cu0,8 9,84°+039 11,19°+0,86 12,88°+0,49 11,30°+1,42 30
Cul,6 135°+0,32 14,93°+0,26 1533°+0,37 14,59°+0,88
Cu2,0 1422+0,27 16,14°+0,31 20,38*+0,99 16,91%+279
LSDo,s 0,51 0,78 0,93 1,32

Mong toi
Cu0 4437011  4317£022  448°+022 441°+0,18
Cu0,2 525¢+0,17  562°+02  622°+011 570%+045
Cu0,5 6,459+0,27 7429+024 846°+0,22  7,44°+09
Cu0,8 8,63°+029  89°+015  947°+025 9,00°+0,43
Culb 9,88°+0,34 10,84°+0,23 10,64°+0,25 10,45%+0,5
Cu2,0 10,41°+0,28 1128*+027 12,11?+0,33 11,272+0,78
LSDo,s 0,45 0,39 0,42 0,83

Ghi chi: Cac chir cai khac nhau trén ciing mét cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;
T4t ca cac Gia tri dugc biéu thi bang gié tri Trung binh + D6 léch chuin SD véi n = 3;
*: Qb 106/2007/Qb- BNN.
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4.2.2.2. Anh hwéng ciia ham lwong Pb trong nwdc twdi dén sw tich liiy trong rau

Su tich Iy Pb trong bd phan an dugc cuaa rau xanh tuy thudc vao loai rau

cling nhu ham lugng Pb trong nudce tudi st dung. Két qua tich liy Pb cua ting
loai rau dugc trinh bay cu thé dudi bang 4.34.

Bang 4.34. Anh huéng ciia Pb trong nuéce twéi dén su tich liiy trong rau

Don vi: mg/kg rau khd

Vul Vu2 Vu3 TB TCVN
Cong thire
Cai xanh

Pb0 0,12°+0,006  0,13°+0,006 0,12°+0,01  0,12°+ 0,007
Pb0,1 0,16%+0,006 0,18°+0,006 0,19°+0,006 0,18%+0,012
Pb0,5 0,279+0,025 0,279+0,015 0419+0,07 0,329+0,08
Pb1,0 045°+0,05  059°+0,053 0,73°+0,06 059°+0,13
Pb2,0 0,79°+0,085 0,87°+0,067 1,12°+0,09 0,93°+0,16
Pb4,0 1,122+0,1 1,26°+0,055 173*+0,1  1,37+0,29
LSDo,os 0,1 0,075 0,12 0,15

Xa lach
PbO 0,12°+0,006 0,13°+0,006 0,15°+0,006 0,13°+0,014
Pb0,1 0,19%+0,006 0,21°+0,006 0,26°+0,006 0,22%+0,029
Pb0,5 0,28°+0,006 0,339+0,01 0,49°+0,006 0,37%+0,095 0.3+
Pb1,0 0,55°+0,05  063°+007 0,76°+0,06 0,65 +0,106 ’
Pb2,0 1,12 +0,12 1,23*+0,11 1,18°+0,15 1,18°+0,12
Pb4,0 1,432 +0,1 1,833+0,1 216°+021 1,81*+0,339
LSDo,05 0,12 0,12 0,19 0,16

Mong toi
PbO 0,12°+0,006 0,11°+0,006 0,11°+0,006 0,119+ 0,007
Pb0,1 0,13°+0,02  0,13°+0,006 0,15°+0,006 0,13%+0,015
Pb0,5 025¢+0,038 0,229+0,01 0,339+0,006 0,27+ 0,054
Pb1,0 0,36°+0,026  0,56°+0,02 0,63°+0,015 0,52°+0,123
Pb2,0 0,9°+0,05 1,18°+0,07 15°+0,059 1,19°+0,262
Pb4,0 1,272+0,066  158°+0,06 1,81*+0,059 1,54*+0,238
LSDos 0,07 0,07 0,06 0,19

Ghi chu: Cac chir cai khac nhau trén ciing mot cot thé hién sy sai khac c¢6 ¥ nghia & mirc P <0,0;

Tét ca cac Gia tri dugc biéu thi bang gié tri Trung binh + D léch chuan SD véi n = 3;
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Ddi voi rau cai xanh, nong d6 Pb trong rau ting dan, sai khac rd rét cing
VGi su gia tang ndng do Pb trong nudc tudi va theo thoi gian gieo trong khi xét &
ciing mot mac nhidm Pb. Rau cai c6 dau hiéu tich ity Pb vuot ngudng cho phép
khi nuée twéi chira ham lwong Pb tir 1,0ppm tré 1én (vuot 1,5 1an so véi TCCP),
ting gip d6i nong d6 Pb trong nude 1am tich liy Pb trong rau cai vuot 2,6 1an
TCCP va vuot 3,7 lan khi nudc tudi ¢d chaa 4ppm Pb. Sy gia ting ndng d6 Pb
trong than 14 cai xanh cuing véi viéc ting nong do Pb trong dat da dugc cong bd
trudc day: nong do Pb trong choi tang tir 36,6 1én 94 mg/kg khi muc Pb trong dat
tang tir 24 (d6i chung) 1én 1150 mg/kg twong ung (Bassegio & cs., 2020). Tuy
nhién, theo két qua thu duoc caa cai vu thir 3 lién tiép thi & mac nhiém 0,5 ppm
Pb di tich liiy vuot 1,3 lan TCCP cua kim loai nang nay.

Déi véi rau xa lach, ham luong Pb trong xa lach ¢ thoi diém thu hoach ty 1¢
thuan véi Pb trong nudc tudi. Ham lugng Pb 4ppm trong nude tudi su dung cho
xa lach gay tich lily 16n nhét so vai cac nghiém thac khac (P <0,05). O vy dau
tién, Khi tuwdi nuéc nhiém Pb trén 0,5ppm, lugng tich lily trong rau tir 0,55 dén
1,43 mg/kg, vuot qua GHCP theo TCVN. Van duy tri viéc tudi nay, sang vu 2 va
3 thi sy tich lity Pb trong xa lach vugt GHCP ¢ 0,5ppm. Bai viéc tich lity Pb trong
xa lach ¢ cac vu sau ngoai bi anh huong bai ndng do Pb trong nude tudi con bi tac
dong boi nong do kim loai nay trong dat ting 1én so v&i vu trude d6. Nong do Pb
trong rau xa lach ting dang ké khi ting ndng dd ndy trong nudc tudi duoc
Ebenezer Mensah nghién ctru nam 2007, khi nong d6 Pb & mic 30 va 50 mgl/l
trong nude thi twong tng trong rau xa lach 1a 2,25 dén 187 mg/kg & thoi diém 55
ngay sau gieo (Mensah, 2007).

Tich lily Pb trong rau mong toi ciing ting cing v4i ndng do kim loai nay
trong nudc tudi. Mic tich lily cao nhat trong than 14 méng toi & cong thie tudi
nuéc nhidm Pb 4ppm trong ca 3 vu lién tiép (1,27; 1,58 va 1,81 mg/kg) va thap
nhét 14 nghiém thutc tudi nude sach (0,12; 0,11 va 0,11 mg/kg), khdng cé su sai
khac ¢6 y nghia théng ké (P >0,5) so véi tudi nude nhiém 0,1ppm Pb. Véi két
qua thuc nghiém thu duoc, rau méng toi tich lity Pb vugt GHCP theo TCVN khi
sir dung nudce tudi chia Pb 1ppm (0,36 mg/kg) néu chi canh tac 1 vu dau tién.
Tuy nhién, néu tiép tuc canh tac (vu 3) trén nén dat vu trudc thi san pham rau thu
hoach chaa Pb vuot TCCP & ndng do Pb trong nudc tai 0,5ppm.
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4.2.2.3. Anh hwéng ciia ham lwong Cd trong nwéc twdi dén sw tich liiy trong rau

Theo nguyén tic chung, nong do kim loai thudng cao hon trong ré so véi
trong than (Kabata-Pendias, 2010). Mic du khong phai 1a mot yéu té thiét yéu
nhung Cd c6 thé d& dang duoc hap thu bai hé thdng thuc vat phat trién trong
moi treong duoc bd sung Cd hoic bi 6 nhiém Cd (Clemens & cs., 2013; Luo
& cs., 2019).

Cadimi (Cd) 1a mot nguyén t6 kim loai nang rat doc hai, khéng can thiét va
khdng c6 muc dich sinh hoc nao duoc biét ¢én. Cd khéng chi gay hai cho thyc
vat ma con gay hai cho con ngudi biang cach xdm nhap vao chudi/ludi thic
an. Sau d6, khi xdm nhap vao hé thdng ré, n6 c6 thé duoc van chuyén tir cac co
guan c6 mach vao 14 va qua, do dé tré thanh mot van dé de doa strc khoe va sinh
thai toan cau. Cadimi (Cd) duoc cong nhan la chat c6 nong d6 cao nhat vi tinh di
dong manh, doc tinh dai dang, pho bién trong méi truong va dé tich lily trong
chudi thic an (Ran & cs., 2020). Xu hudng tich liy Cd trong cac loai thuc vat
dugc quan sat 1a rau an 1a > rau ho ca > rau an cu > rau ho hanh > rau dua > rau
ho dau (Yang & cs., 2010).

Tuy nhién, & mot sb loai thuc vat ciing nhu trong cac loai rau an 14 duoc
trong trén dat khong bi 6 nhiém, Cd chu yéu dugc phan b trong 14 va chuyén
hoa Cd twong d6i cao nén duoc coi 1a chat tich liy Cd (Baldantoni & cs., 2014).

Theo ddi sy tich liy Cd tir nude tudi vao phan an duoc (than 18) cua 3 loai
rau 4n 14 sau 3 vu trong lién tiép thu duoc két qua tai bang 4.35 cho thay nong do
Cd trong nudce tudi khac nhau dan dén lugng Cd tich liy trong rau khac nhau co
¥ nghia thong ké (P <0,05).

O cai xanh, két qua phan tich ham luong Cd trong phan an duoc cua rau cai
xanh cho thiy tang nong d6 Cd trong nuéc tir 0,01 1én 1 ppm tuong duwong véi
viéc tich lity Cd trong rau trung binh qua 3 vu ting tir 0,044 dén 1,23 mg/kg rau
khé, cao hon rat nhiéu so véi tudi nude sach (0,003 mg/kg rau khd) va mic cao
nhat vuot 6,2 1an so véi gidi han tbi da cho phép theo TCVN. Két thic vu dau
tién st dung nudc tudi nhiém Cd, ham luong Cd trong rau van nam trong GHCP
v6i mirc nhidm 0,1ppm & nghiém thuac 4 va chi vuot ngudng khi ting nong do 18n
0,5ppm & nghiém thirc 5 hay 1ppm dbi véi nghiém thirc 6. Tuy nhién, véi vu tiép
theo muc tich liily Cd trong rau vugt GHCP ngay tai nghiém thac s dung nudc
tudi 0,1ppm Cd. Boi lwong Cd tich liy trong dit vu sau ting so véi vu truéc do
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tiép nhan mot phan lugng Cd tir nude tudi. Su hip thu Cd cua thuc vat tuan theo
co ché tuong ty nhu co ché cua chat 16ng va cac chéat dinh dudng thiét yéu khac
nhu Zn?*, Ca?*, Fe?*, Mg?* va Mn?* (Clemens, 2006).

Bang 4.35. Anh huéng ciia Cd trong nuée twdi dén sy tich liy trong rau

Don vi: mg/kg rau khd

Cong thire Vul Vu?2 Vu3 B TCVN

Cai xanh
Cdo 0,003¢+0,006 0,003¢+0,006 0,003°+0,006 0,003 0,005
Cd0,01 0,0439+0,006 0,043°+0,006 0,047°+0,006 0,044+ 0,005
Cd0,05 0,087%+0,006 0,116*+0,015 0,137¢+0,006 0,113% +0,023
Cdo,1 0,157°+0,006  0,22°+0,01  027°+0,01  0,216°+0,05
Cdo,5 0,653°+0,049 0,78°+0,098 0,613°+0,023 0,682° + 0,094
Cd1,0 0,963*+0,145 1,083°+0,13 1,663*+0,111 1,236*+ 0,343
LSDO,05 0,11 0,12 0,083 0,14

Xa lach

Cdo 0,003¢+0,006 0,003°+0,006 0,003°+0,006 0,003+ 0,005
Cd0,01 0,0479+0,006  0,05d°+0  0,057°+0,006 0,051+ 0,006
Cd0,05 0,11%+0 0,1269+0,006 0,1479+0,006 0,128 +0,016
Cdo0,1 0,167+ 0,006 0,243°+0,006 0,277°+0,006 0,229°+0,049 0,2*
Cdo,5 0,69° + 0,07 0,806°+0,1  0,863°+0,06 0,786°+0,103
Cd1,0 0,963°+0,13  1,12°+012  1,743*+007  1,275°+0,37
LSDO,05 0,11 0,11 0,07 0,15

Mong toi
Cdo 0° 0,003¢+0,006 0,003°+0,006 0,002+ 0,004
Cd0,01 0,03%+0,006 0,04°+0,006 0,03°+0,006 0,032¢+ 0,007
Cd0,05 0,087+0,006  0,19+0,006  0,149+0,006 0,106%+ 0,025
Cdo,1 0,15°+0,006  0,19°+0,006  0,25°+0,006  0,196° + 0,044
Cdo,5 055°+0,046  0,62°+0,02  069°+0,01  0,620°+ 0,066
Cd1,0 0,972+0,065  1,02*+0,047  1,06°+0,05 1,013*+0,062
LSDo,0s 0,06 0,038 0,039 0,057

Ghi chi: CAc chir cai khac nhau trén ciing mét cot thé hién su sai khac c6 ¥ nghia & mirc P <0,05;

Tét ca cac Gia tri dugc biéu thi bang gié tri Trung binh + D léch chuan SD véi n = 3;

*: QCVN 8-2 :2011/BYT; Tiéu chuin quéc gia TCVN 4832:2015.
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O xa lach, trong s cac loai rau, xa lach 1a loai rau dugc quan tim hang dau
dén kha nang tich lity kim loai nang vi bai vi né tich liy kim loai v6i ham luong
bén trong twong dbi cao do su hap thu cua ré hiéu qua va su chuyén vi tiép theo
sang choi (Peijnenburg & cs., 2000). Két qua thi nghiém cho thay, nong d6 Cd
tich liiy trong phan an duoc cia xa lach c6 sy khac nhau gitra cac nghiém thic st
dung nudc tudi nhiém Cd voéi ham lugng khac nhau. Tang ham luong Cd trong
nude tudi 1am ting ndng do Cd than 14 rau xa lach, su khac biét cang rd rét khi
muc Cd cao hon (P <0,05). Sir dung nudc tudi chira Cd véi cac nong do tir 0 dén
1ppm, véi vu tht hai tré di tich Ity Cd trong xa lach vuot GHCP ¢ muc nudc
nhiém 0,1ppm Cd 1a 1,2 lan. Tang mac nhiém Cd cua nudc tudi 1én néng do
0,5ppm, ngay vu dau tién di gay tich liy Cd trong xa lach 1a 0,69 mg/kg, vuot
GHCP 3,45 lan theo TCVN. Mt tich liy 16n nhat (1,275 mg/kg rau kho) tuong
ng voi véi mic nhiém 1,0ppm Cd, vuot 6,38 lan GHCP theo TCVN (Bo Y Té,
2011b; B Khoa Hoc Va Cong Ngh¢, 2015). Nghién cttu cua Ebenezer Mensah
cho thay Cd tich lily trong rau xa lach sau 55 ngay trong khi tudi nuéc nhiém Cd
Vvéi ndng @6 0; 0,05 va 0,1ppm thi mic tich liiy Cd trong rau twong ung 1a 0,121;
0,968 va 1,022 mg/kg rau khé (Mensah, 2007).

O mong toi, ham luong Cd tich liy trong rau méng toi chiu anh huéng rd
rét bai nong d6 Cd trong nude tudi st dung. Muc tich liy ty 18 thuan véi ham
lugng Cd trong nude tudi. Tich liy Cd trong rau mong toi vugt GHCP 1,25 lan
theo TCVN khi nuéc tudi ¢6 chia 0,1ppm Cd sau trong vu thir hai. Mac nhiém
Cd 0,5ppm cua nuéc tudi sir dung trén rau mong toi gy nhiém nguyén té nay
trong rau Ién tdi 2,75 1an ngay & vu dau tién va 3,1 lan khi sang vu 2. Ham luong
Cd trong mdng toi dat mirc cao nhat & nghiém thirc 6 khi st dung nuéc nhidm Cd
I6n nhat 1ppm qua vy 1; 2 va 3 twong ung 14 0,97; 1,02 va 1,06 mg/kg rau kho.

Xu hudng tich liy Cd trong cac loai thuc vat dugc quan sat 1a rau an la > rau
ho ca > rau an cu > rau ho hanh > rau dua > rau ho dau (Yang & cs., 2010). Sy tich
lity Cd trong rau c6 thé cha yéu 1a do Cd tir hoat dong tuéi tidu sir dung nuéce thai
va bun thai & cac khu vuc ven @6 (Anwar & cs., 2016; Baldantoni & cs., 2016).

Tom lai: Tich iy trong rau an ld thé hién ré sw anh hidng boi ham heong
Cu, Pb, Cd trong nudc tuwoi. Ham luwong cac KLN tich lity trong rau tang ty lé
thudn theo nong do cia né trong nuwéc twéi va ¢ nguong KLN ¢é ham lwong cao,
ham lwong tich liy tang theo thoi gian gieo trong (tich lity ¢ vu sau cao hon vu
truoc). Voi nguong Cu trong nuoc tuoi (0,2 -2ppm), ham luwong Cu dwoc phat hién
trong rau nam ¢ khodng an toan theo QCVN 8-2 :2011/BYT va TCVN 4832:2015
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quy dinh giéi han cho phép chdt 6 nhiém va doc t6 trong thuc pham dwoc con
nguoi tiéu thu. Voi nguong Pb trong nuoc tuwoi bi vieot 0,5ppm thi cac logi rau an
lé dwoc phat hién thdy ham lwong tich lity Pb vuot giGi han an todan cho phép theo
quy dinh tai QCVN 8-2 :2011/BYT va TCVN 4832:2015. Voi nguong Cd trong
miede twGi vueot 0, Ippm, thi cac loai rau an ld déu cé tich ity Cd vwot gidi han an
toan cho phép theo quy dinh tai QCVN 8-2 :2011/BYT va TCVN 4832:2015

4.2.3. Anh hwéng ciia ham lwong kim loai ning trong nwéc twéi dén sw tich
lay trong dat trﬁng

4.2.3.1. Tich liiy Cu trong dét trong rau
a. Ham lwong tich lity

Str dung nude tudi chira ham lugng Cu tir 0 dén 2ppm cho nhém rau an 14
gom cai xanh, xa lach va mong toi cho thay mirc d6 tich lily trung binh trong 3
vu cua kim loai nay trong dat trong ting dan véi viéc ting nong do Cu trong
nudc tudi. Tang ham lugng Cu trong nude tudi anh huong rat rd dén viéc tich
lily Cu trong dat trong céc loai rau nay. Ham luong Cu trong dat doi voi dat
trong cai xanh tir 23,86 dén 37,37 mg/kg dat kho; dat trong xa lach 1a 23,86 dén
36,43 mg/kg va dat trong mong toi ting tir 23,91 dén 37,27mg/kg dat kho
(Bang 4.36). Khong c6 su khac biét c6 ¥ nghia théng ké (P >0,05) giira ham
luong Cu trong dat & nghiém thirc nudc tudi c6 1,6 va 2ppm Cu. Tuy nhién,
trén ca 3 loai dat trong rau vai thoi gian tudi nay ham lwgng Cu trong dat van &
trong ngudng an toan theo TCVN (B6 Tai Nguyén Mbi Truong, 2015) vé kim
loai nay.
b. Dy bdo tich liiy Cu trong ddt trong khi siv dung niée twdi nhiém Cu

Phuong trinh twong quan tuyén tinh dang y = ax + b duoc sir dung dé du
bao thoi gian tich lily Cu trong dét (~ y) dén gia tri cao nhat (~ x) theo QCVN
03-2015/BTNMT (Xcumax = 100 mg/kg). Dua trén két qua thi nghiém 3 loai rau
qua 3 vu tréng, thoi gian tich liy Cu v6i ngudng cao nhat cho phép duoc du bao
tai bang 4.37. Nhu vay, véi ngudng Cu trong nudc tir 0,2 dén 2ppm sir dung tudi
cho cai xanh, xa lach va mong toi trong trén nén dat ban dau c6 chira 20,4 mg/kg
trong khoang thoi gian canh tac twong Gng tir 1,9-14,6 nam (20-153 vu cai xanh);
1,9-12,6 nam (15-100 vy xa lach) va 2,2-15,7 nam (18-128 vu mdng toi) s& gay
tich lily Cu trong dét trong vuot ngudng an toan theo QCVN 03 - 2015/BTNMT.
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Bang 4.36. Anh huéng ciia ham lwgng Cu
trong nudc tudi dén su tich lily trong dat trong rau

Pon vi: mg/kg
Cong thirc Vul Vu2 Vu3 TB TCVN
Cai xanh
Cu0 23620+1,13 24,15°+049 23817+109 23,86°+0,85
Cu0,2 27,76°+1,14 2784°+107 2834°x05 27,98°+0,86
Cu0,5 291°+0,79 3064%°+1  31549+022 3043°+125
Cu0,8 31,64°+£091 33,73°+048 3587°+091 33,75°+1,95
Cul,6 33,65°+0,46 3571°+076 3843°+0,62 3593%+26
Cu2,0 34,89°+06 37,36°+0,35 39,87°+043 37,37°%2,19
LSDogs 1,56 1,32 1,23 2,21
Xa lach
Cu0 2362¢+113 24,08'+043 2388°+098 23,86°+0,81
Cu0,2 27,08°+0,95 27,34°+0,41 27,859+0,71 27,429+0,71
Cu0,5 28,63°+0,95 29,179+0,93 31,15°+1,05 29,65°+1,19
Cu0,8 31,21°+091 32,87°+0,84 33,93°+1,04 32,67°+143 100*
Cul,6 32,85°+0,83 34,74°+055 37,22°+0,61 34,94+243
Cu2,0 341°+062 36,222+107 3898°+056 36,43%+1,74
LSDogs 1,62 1,33 1,51 1,01
Mong toi
Cu0 2369'+049 24217+038 2383'+046 23,91°+0,45
Cu0,2 27,82°+0,25 28,11°+046 2845°+0,32 28,139+0,32
Cu0,5 29,9°+0,37 3158°+09 32,00°+044 31,19°+1,13
Cu0,8 3257°+051 3389°+049 362°+#0,17 34,22°+166
Cul,6 34,09°+0,18 3592°+0,27 3825°+02 36,09®+1.01
Cu2,0 35238+ 0,35 37,12°+0,33 3946°+0,38 37,27%+144
LSDogs 0,67 0,92 0,62 2,06

Ghi chi: Cac chir cai khac nhau trén ciing mot cot thé hién su sai khac ¢6 ¥ nghia & mirc P < 0,05;

Tét ca cac Gia tri dugc biéu thi bang gié tri Trung binh + D6 léch chuan SD véin =3
*: QCVN 03 - 2015/BTNMT
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Bang 4.37. Thoi gian tich lily Cu trong dit do nwéc twéi theo duw bao

N . . Hg¢ so twong quan Thoi gian tich li
Cong thire Ham s0 twong quan : R) g4 %ngéy) y
Cai xanh
Cu0,2 y =73,381x —2003,2 0,92 5335
Cu0,5 y =20,032x — 559,52 0,99 1444
Cu0,8 y =11,82x — 348,88 1 833
Cul,6 y =10,394x — 323,46 0,99 716
Cu2,0 y =10,04x — 325,23 1 679
Xa lach
Cu0,2 y =62,731x - 1670,3 0,98 4603
Cu0,5 y =17,894x - 480,55 0,95 1309
Cu0,8 y = 18,349x - 548,25 0,99 1268
Cul,6 y =11,373x - 347,32 0,99 790
Cu2,0 y =10,187x - 321,16 0,99 698
Mong toi
Cu0,2 y =79,199x - 2177,6 0,99 5742
Cu0,5 y =20,848x - 600,24 0,95 1485
Cu0,8 y =13,441x - 409,95 0,98 934
Cul,6 y =11,962x - 381,66 0,99 815
Cu2,0 y =11,776x — 388,89 0,99 789

4.2.3.2. Tich liiy Pb trong dit trong rau
a. Ham luong tich liy

Su gia ting ham luong Pb trong dat twong (g Véi viéc ting nong do Pb
trong nudc tudi Xay ra dbi voi dat trong cua ca 3 loai rau thi nghiém (Bang 4.38.).
Tuy nhién, ndng dd Pb trong dét cao hon rd rét & nghiém thic khi sir dung nudc
tudi 4ppm Pb so véi cac nghiém thirc con lai. Nong d6 Pb trong nuéc 4ppm lam
ting ndong do Pb trong dat sau thu hoach rau ¢ vu thir nhat tir 3,04 (xa lach) dén
3,96 mg/kg (mdng toi); 4,51 (xa lach) dén 5,0 mg/kg thoi diém sau vu 2 va cudi vu
3 1a tir 4,68 (xa lach) dén 5,42 mg/kg (mdng toi). Sy gia ting ham lwong Pb trong
dat do tudi nudc 6 nhim phi hop véi mét sé nghién ciru trude day (Phan Thi Thu
Hang, 2008; Mensah, 2007). V&i cac ndng d6 trong thi nghiém, ham luwong Pb
trong dat tréng 3 loai rau sau 3 vu trdng lién tiép chwa c6 dau hiéu bi 6 nhiém Pb
khi ddi chiéu véi TCVN (B6 Tai nguyén va Mbi truong, 2015).
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Bang 4.38. Anh huéng
ciia Pb trong nuéc twéi dén su tich liy trong dét trong rau

Don vi: mg/kg

Cong thire Vul Vu?2 Vu3 B TCVN
Cai xanh
PbO 1,9°+0,07 186011  192+004  1,89°+0,07
Pb0,1 2,63°+022 283°+022 313°+008 2,86°+0,27
Pb0,5 3439+025 363°+018 44°+016  3,829+0,62
Pb1,0 431°+02 4,92°+013 556°+029  4,93°+0,57
Pb2,0 48°+002 558°+02 625°+0,16 554°+0,64
Pb4,0 573*+0,19  6,7°+0,23 7,22+0,2 6,542 + 0,49
LSDo,os 0,32 0,33 0,31 0,83
Xalach
Pb0 1,93¥+0,16 1,62°+0,17  1,76°+0,2 1,77e 0,2
Pb0,1 2639+043 2839+026 318Y+011  2,889+0,33
Pb0,5 333°+028 352°+024 422°+024  3,69°+0,69
Pb1,0 433°+048 492°+024 551°+029  4,92°+0,59 70*
Pb2,0 488°+031 523°+011 6,23*+024 545 +0,64
Pb4,0 497°+0,19 6,13*+0,17 644°+026  585°+0,7
LSDo 05 0,59 0,37 0,41 0,92
Mong toi
Pb0 1,82+012 18'+008  1,887+013  1,83°+0,11
Pb0,1 267°+01 2,84°+0,11 321°+0,13 2,77°+042
Pb0,5 319+04  419+014  446°+£031  392°+0,67
Pb1,0 438°+031 4,97°+0,2 52°+0,18 5,08 +0,42
Pb2,0 486°+0,08 556°+0,29 642°+0,12 561°+0,69
Pb4,0 578°+017 6,8°+0,25 73%+0,19  6,63°+0,61
LSDo,os 0,41 0,34 0,33 0,8

Ghi chi: Cac chir cai khac nhau trén ciing mot cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;
T4t ca cac Gia tri dugc biéu thi bang gié tri Trung binh + Do léch chuin SD véi n = 3;
*: QCVN 03-MT:2015/BTNMT

b. Dy bdo tich liiy Pb trong ddt trong rau

Dua trén két qua du béo cho 3 loai rau qua 3 vu trong, thoi gian tich lily Pb
V6i ngudng cao nhat cho phép duoc du bao tai bang 4.39. Nhu vay, véi ngudng
Pb trong nudc tir 0,1pmm dén 4ppm st dung tudi cho cai xanh, xa lach va mong
toi trong trén dat co luong Pb ban dau 1a 1,98mg/kg trong khoang thoi gian twong
ung tr 5,9-18,6 nam (61-191 vu cai xanh); 5,5-16,4 nam (44-131 vu xa lach) va
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5,6-16,4 ndm (46-133 vu mong toi) s& gay tich lily Pb trong dat trong virot ngudng
an toan theo QCVN 03-2015/BTNMT.

Bang 4.39. Du bao ham lweng Pb tich liiy trong dit theo thoi gian

Cong thirxr  Ham s twong quan  H#é s6 twong quan (R)  Thai gian tich lity (ngay)

Cai xanh
Pb0,1 y = 98,684x - 232,57 0,99 6675
Pb0,5 y =46,226x - 126,58 0,95 3109
Pb1,0 y =39,992x - 147,16 0,99 2652
Pb2,0 y =34,417x - 140,78 0,99 2268
Pb4,0 y =32,893x - 165,23 0,98 2137
Xa lach
Pb0,1 y =88,71x - 205,48 0,98 6004
Pb0,5 y =50,637x - 136,85 0,95 3408
Pb1,0 y =42,373x - 158,47 1 2808
Pb2,0 y = 34,38x - 137,26 0,96 2269
Pb4,0 y =30,603x - 128,92 0,94 2013
Mong toi
Pb0,1 y = 88,544x - 207,37 0,98 5991
Pb0,5 y = 37,054x - 95,127 0,97 2499
Pb1,0 y =32,355x - 114,47 0,99 2150
Pb2,0 y =31,939x - 129,29 0,99 2106
Pb4,0 y =31,66x - 159,8 0,98 2056

4.2.3.3. Anh hwéng dén tich liiy Cd trong dét trong rau
a. Ham luong tich lily

Sy gia tang ham lwong Cd trong dat trong 3 loai rau nghién cau bi chi phoi
boi ting nong do kim loai nay trong nudc tudi (Bang 4.40). Tuy nhién, nong do
Cd cao hon 13 rét (P <0,05) khi sir dung nuéc tugi nhiém 1,0 ppm Cd so véi cac
nghiém thurc khac ¢ ca 3 loai rau va véi nghiém thirc nay nude tudi gay tich liy
Cd trong dit vuot TCCP ngay sau khi thu hoach rau ¢ vu dau tién. Vi cac muc
nude tudi nhidm Cd tir 0 dén 1ppm da lam ting Cd trong dat tvong wng trung
binh sau 3 vu tir 0,013 dén 1,71 (cai xanh); 0,015 dén 1,743 (xa lach) va tir 0,013
dén 1,86 mg/kg dat kho (mdng toi). Nudc nhiém mirc 0,5ppm Cd ding dé tudi
trén ca 3 loai rau sang vu thir 3 gy tich lity Cd trong dat vuot GHCP 1,22 dén
1,26 l1an theo TCVN (B6 Tai Nguyén Moi Truong, 2015). O nhiém Cd o dat
trong 3 loai rau trong thi nghiém xay ra ngay & vu thir nhat & nghiém thic 6 khi
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sir dung nuéc nhidm Cd ndng do 1ppm. Theo nghién ctu cia Vit Thi Khic cho
thdy sy tich lity Cd trong dat trong lua gia tang ty Ié thuan véi nong do Cd trong
nuéce tudi: Haim luong Cd trong dét la cua cong thirc tudi nudc nhiém 0,5ppm
Cd cao gap 2,03 lan so véi cong thic tudi nude nhidm 0,05ppm va cao gap 8,68
lan so véi cdng thic tudi nuéc chira 0,01ppm qua trung binh 4 vu lda hé thu
2019, 2020 va dong xuan 2019, 2020 (Vii Thi Khéc, 2023).

Bang 4.40. Ham lwgng Cd trong dit trong rau sau cac vu thi nghiém

Pon vi tinh: mg/kg dat

Cong thirc Vul Vu?2 Vu3 B TCVN
Cai xanh
Cdo 0,01°+0,006 0,01°+0,006 0,02¢+0,006 0,013%+ 0,005
Cdo,01 0,03¢+0 0,04°+0,006 0,05°+0,006 0,040%+ 0,009
Cdo,05 0,129+0,035 0,269+0,006 0,319+0,006 0,230%+ 0,08
Cdo,1 0,24°+0,006 0,42°+0006 0,49°+0,006 0,383°+0,115
Cdo,5 0,92°+0,091 1,26°+0,057 1,83°+0,13 1,337°+0,408
Cd1,0 1,072+0,04 1,922+0,16  214*+0,15 1,710°+05
LSDO0,05 0,08 0,12 0,14 0,29
Xalach
Cdo 0,02°+0,006 0,006°+0,006 0,02¢+0,006 0,015%+ 0,007
Cdo,01 0,03°+0,18 0,04°+0,006 0,05°+0,006 0,04°+0,1
Cdo,05 0,19°+0,1  0,239+0,05 0,289+0,03 0,235% +0,07
Cdo,1 037°+006 04°+003  046°+004 0,410°+0,06 15%
Cdo,5 071°+045 125°+0,06  189°+01  1,283°+0,56
Cd1,0 1,282+0,07 1,822+0,08 2,13*+0,16 1,744°+0,38
LSDO0,05 0,37 0,08 0,14 0,29
Mong toi
Cdo 0,02°+0,006 0,01°+0,006 0,02°+0,006 0,017¢+ 0,007
Cdo,01 0,04+0,006 0,05°+0,006 0,06°+0,006 0,050,007
Cdo,05 0,25¢+0,04 0,30°+0,006 0,36°+0,01 0,303°+ 0,057
Cdo,1 042°+0,01 046°+0015 05°+0,01  0,460°+ 0,036
Cdo,5 1,32°+0,04 146°+0,015 1,86°+0,06 1,547°+0,244
Cd1,0 1,722+0,03 1,858+0,045 2,022+0,05 1,863%+0,135
LSDos 0,05 0,04 0,06 0,23

Ghi chi: Cac chir cai khac nhau trén ciing mét cot thé hién su sai khac c6 ¥ nghia & mic P <0,05;

T4t ca cac Gia tri dugc biéu thi bang gié tri Trung binh + Do léch chuin SD véi n = 3;
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b. Dy bdo tich liiy Cd trong ddt trong rau

Dua trén két qua thi nghiém 3 loai rau qua 3 vu trdng, thoi gian tich liy Cd
Vv6i ngudng cao nhat cho phép duoc du bao tai bang 4.41. Nhu vay, véi ngudng
Cd trong nuéc tir 0,01 dén 0,1ppm st dung tudi cho cai xanh, xa lach va mong
toi trong trén dat co luong Cd ban dau 1a 0,02 mg/kg trong khoang thoi gian
tuong tng tir 0,7-10,1 nam (2-106 vu cai xanh); 1,7-10,1 nam (2-80 vu xa lach)
va 0,8-10,1 nim (1-82 vy mdng toi) s& gy tich liiy Cd trong dét trong vuot
ngudng an toan theo QCVN 03 - 2015/BTNMT.

Bang 4.41. Dy bao ham lweng Cd tich liiy trong dit theo thoi gian

n . <z H¢ s0 twong quan Thdoi gian tich liy
Cong thie Ham so twong quan R) (Ngay)
Cai xanh
Cdo0,01 y =2500x — 50 1 3.700
Cd0,05 y = 244,85x — 6,3144 0,96 361
Cdo,1 y =187,88x — 22,019 0,97 260
Cd0,5 y =53,799x — 21,912 0,99 59
Cd1,0 y =41,889x — 21,629 0,95 41
Xa lach
Cdo0,01 y =2500x — 50 1 3.700
Cd0,05 y =553,28x — 79,098 0,99 751
Cd0,1 y =535,71x — 169,64 0,98 634
Cd0,5 y =42,272x — 4,2487 0,99 59
Cd1,0 y =57,422x — 50,106 0,99 36
Mong toi

Cdo0,01 y =2500x — 75 1 3.675
Cd0,05 y =453,3x — 87,5 0,99 592
Cdo,1 y =251,87x — 74,254 0,95 304
Cd0,5 y = 85,951x — 82,937 0,96 46
Cd1,0 y = 165,68x — 258,73 0,99 -

Tom lgi: KLN tich lily trong dat trong rau ting dan theo thoi gian twdi va
nong dé Cu, Pb, Cd trong nuéc twéi. Tich lily ciia cdc KLN nay trong dat trong
rau trong thi nghiém qua 3 vy lién tiép véi cac ddi nong dé cua Cu (0,2-2)ppm,
Pb (0,1-4)ppm van nam trong GHCP. Sau khodng 1,9-15,7 nam (Cu); 5,5-18,6
nam (Pb) méi tich lily qua GHCP. Poi véi Cd véi ham lwong tir 0,5-1ppm, gay
tich lily trong dat trong virot GHCP ¢6 thé ngay tir vu dau tién.
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4.2.4. Panh gia tich lity kim loai ning ciia rau in 14 qua thi nghi¢m dong rung
4.2.4.1. Hign trang nguén nudc twdi va dic tinh Iy héa dat khu vec thi nghigm
a. Chdt heong nguéon nwée twdi khu viee thi nghiém

Séng Cau Bay ngoai thuc hién chirc ning tiéu nuéc cho toan huyén Gia
1am va quan Long Bién thi con & ngudn cung cap nuéc chinh cho toan bo dién
tich cua cac x&, thi tran c6 dién tich dat canh tac doc hai bén bo séng. Mdi
ngay, séng Cau Bay tiép nhan khoang 3.141m? nudc thai khu dan cu qua 26
diém xa chinh. Trong d6, nudc thai sinh hoat khoang 2.826m% nuéc thai chin
nudi khoang 15mé, nudc thai san xuat khoang 300m3. Nuéc séng Cau Bay
trong mia kho cua 2 nam: 2019 va 2020 bi 6 nhiém amoni va phosphat (hitu
c0). Ngudn nuéc sdng Cau Bay hién co6 ham luong Cd (0,032 > 0,01 mg/1) vuot
qua gigi han cho phép theo tiéu chuan nude dung cho tudi tiéu (Bang 4.42).

Bang 4.42. Pic tinh chit hrong
cia nuéc duwge sir dung trong thoi gian nghién ciru

Chi tiéu Séng Giéng khoan  QCVN 08-M:I':2015/BTN MT
TB+SE TB+SE (cot Bl)

Nhiét d6 (°C) 24,42 +0,37 22,44 +0,25 -

pH 752+0,14 6,86 + 0,03 5,5-9
TSS (mg/l) 4826 +14,3 46,11+13 50
EC (mS/cm) 0,59 +0,01 0,22 + 0,00 -
NH.* (- N mg/l) 512 +0,14 3,27 +0,02 0,9
PO* (-P mg/l) 1,58 0,07 0,01+0,00 0,3
DO (mg/l) 3,08 £0,17 4,29 + 0,04 >4
Do duc (NTU) 792 +272 12,8 +0,88 -

Cd (mg/l) 0,032% + 0,0005 0,005° + 0,00 0,01
Cu (mg/l) 0,019% + 0,0005 0,003°+0,00 0,5
Pb (mg/l) 0,032 + 0,0006 0,015°+0,00 0,05

Ghi ch(: Céc gié tri trung binh mang chir cai khac nhau, sai khac ¢ ¥ nghia thong ké (P <0,05).

b. Bdc tinh ly hoa cua dat khu viee khao nghiém

Khu vuc nghién ciru niam ven bd sdng Cau Bay thudc dia phan lang Lé Xa,

x3 Pa Tén, huyén Gia Lam. Két qua phan tich cho thay dat thi nghiém 1a dat pha
sa trung tinh, dién hinh cua dit phu sa Bng bang séng Hong, thich hop cho céc

112



loai cay trong can, vai ty 18 cap hat: sét 12,0%:; limon 46,5% va cap hat cat chiém
41,5%. Tang canh tac, dat c6 dung trong binh quan Ia 1,3 g/cm3. Do am tbi da
ddng ruong 31% (TLDK). bat thi nghiém dugc phan tich cac tinh chat héa hoc
co ban: pHkci €6 gia tri 1a 6,8; Ham luwong cacbon hiru co OC dat 1,48%, twong
duong véi ham luong chat hitu co trong dat 1a 2,55%, dat twong ddi gidu chat
hitu co; Ham lwong P2Osdt 1a 47,4 (mg/100g dat); KoOdt 13 10,8 (mg/100g dat);
Ham luong dam thaty phan tong sé Nitp dat 12,3 (mg/100g dat). Nhu vay, dat khu
vuc nghién ctru ¢6 dam va lan & muc giau, con kali & ngudng trung binh. Gia tri
CEC cua dat khu vuc nay & muc trung binh dat 17,6 meq/100g dat. Ham luong
kim loai Cd, Cu, Pb trong dat nghién ciru trude khi tién hanh thi nghiém déu ¢
ngudng an toan cho san xuat ndng nghiép theo QCVN 03-MT:2015/BTNMT,
lan luot 12 0,64; 18,70; 8,21 mg/kg dat kho.
4.2.4.2. Anh hwéng ciia NgUAn nwdc twdi dén sinh trwéng Va néing sudt rau

Vu rau nim 2019, téng luong nude tudi cho ca 3 loai rau (mong toi, cai
xanh, xa lach) 1a nhu nhau va hét 1.445 m3%ha. Trong khi d6 vao nam 2020 chi
can 1.012 m¥ha ¢ mdi cong thuc do thoi gian tir thang 9 dén thang 11 nim
2020 thi lugng mua do dugc khu vuc Ha Noi 1a 262,2mm, cao hon so véi lugng

mua cung ky cua ndm 2019 (149,4mm).

Bang 4.43. Anh hwéng ciia ngudn nuéc twéi dén so 14 va ning suit rau

Nguén nudére twéi Cai xanh Mong toi Xa lach
S 14 (14/cay)
Séng 11,672 9,00 11,832
Giéng 9,83 8,33¢ 10,50°
Ning suit twoi (tin/ha)
Séng 31,082 12,95° 26,38°
Giéng 27,08° 11,13f 24,13¢

Ghi chi: Céc gié tri trung binh mang chir cai khac nhau thi sai khic nhau c6 y nghia thong ké (P <0,05).

Két qua theo ddi cho thay khi tudi lién tuc bang nude sdng Cau Bay, sb 14 va
nang sudt rau tuoi trung binh cta ca cai xanh, mong toi va xa lach 3 loai rau déu
tang cao hon so voi dugc tudi boi nudc giéng (nwdc ngam) & mic sai khac co y
nghia vé mat thong k&. Mdng toi 1 loai rau c6 s6 14 va nang suét thip hon so voi cai
xanh va xa lach. Thoi vu trong 3 loai rau nay vao dau thang 10, day 13 thoi diém ma
d6i véi rau mong toi khong phai 13 vu chinh nén sinh trudng va ning suit khong cao
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(11,13-12,95 tan/ha) so véi cai xanh va xa lach. Tuy sb 14 rau cai xanh va xa lach
khéng c6 su sai khac nhung ning suat cai xanh (27,08-31,08 tan/ha) lai cao hon & ca
treong hop tudi nudce song va nudc giéng so véi xa lach (24,13-26,38 tan/ha).
4.2.4.3. Anh hwéng ciia nQuon nwéc twdi dén tich liy kim logi ngng trong rau
va ddt trong tai khu khdo nghiém
a. Tich lity kim logi nang trong rau

Két qua phan tich ¢ bang 4.44 va thé hién qua hinh 4.19 cho thay nong do
kim loai nang c6 sy khac nhau giita loai rau va nguén nude tudi. Véi két qua
phan tich vé ham lwong kim loai ning trong nuéc ¢ cac thoi diém tudi cho thay
nudc sdng Cau Bay hién bi 6 nhiém Cd. Do vay, khi duoc khai thac dé tuéi thi
ca ba loai rau trong thi nghiém déu c6 ham lwong Cd vuot ngudng an toan
(0,25-0,28 mg/kg rau khd) so vai theo tiéu chuan (0,2 mg/kg rau khd). Cai xanh

6 xu hudng tich liiy Cd cao hon so véi mong toi va xa lach.

Bang 4.44. Anh hwéng ciia ngudn nuéc tuéi
dén sur tich liiy ham lwong kim loai ning trong rau

Ngudn nwé6c Caixanh  Moéngtei  Xalach Trung binh TCVN
Cd (mg/ kg rau kho)
séng 0,28? 0,25% 0,25% 0,262 0.0
Giéng 0,23° 0,13° 0,13¢ 0,16° '
Cu (mg/ kg rau kho)
Séng 6,92 6,63 8,99% 7,522 30**
Giéng 6,65" 6,46" 8,68° 7,26°
Pb (mg/ kg rau kho)
Séng 0,79 0,61 0,66 0,69 0.3+
Giéng 0,74 0,56¢ 0,61 0,64 '

Ghi chu: Cac gié tri trung binh mang chit c4i khac nhau thi sai khac c6 y nghia théng ké (P <0,05):
*: QCVN 8-2 :2011/BYT; **: Qb 106/2007/QD — BNN.

Theo cong bd cua (Phan Thi Thu Hang, 2008) thi rau cai xanh ¢é kha ning
hap thu Cd tir méi trudng rat 16n, vi vay c6 thé dua loai rau ndy (Brassica juncea
L.) vao danh muc cac cay trong loai bé 6 nhiém Cd. Vé&i Cu, mac du kim loai
nang nay ¢ ba loai rau dugc tudi tir nude song déu cao hon duoc tudi nudc giéng
(xu thé ¢ xa lach cao hon cai xanh va mdng toi) nhung so véi tiéu chuan cho
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phép Vé rau an toan van con thap hon. Riéng véi Pb, mic du ham luong kim loai
nang nay trong ca hai nguon nude déu & muc thap hon gidi han téi da cho phép
(0,015-0,03 mg/l) theo tiéu chuan nudc dung cho tudi tiéu (0,05 mg/l - cot B1 -
QCVN 08-MT:2015/BTNMT) nhung két qua phan tich thu dwgc ham luong Pb
trong ca cai xanh, mong toi va xa lach (0,56-0,79 mg/kg rau khd) ¢ ca hai truong
hop nudc tudi khac nhau lai déu vuot ngudng an toan (0,3 mg/kg rau kho). Diéu
nay cd thé khing dinh nhém rau an 14 trong & khu vuc nghién cau nay bi & nhiém
chi ¢ nguyén nhan khéng do ngudn nudc tudi ma co thé do hap thu tir ngudn
khac phan bon, bui giao théng hoac tir viéc phun thudc bao vé thuc vat Ién 4.

Cd (mg/kg rau khé) Cu (mg/kg rau kho)

0,3 35
| | 30
02 25
20
15
0,1 10
5

0 | B : mml ==

Song Giéng Séng Giéng

= Cdij xanh = Mong toi == Xa lach — Tiéu chudn === C3j xanh === Mdng toi == Xa lach —Tiéu chuan

Pb (mg/kg rau kho)
1

0,8
0,6
0.4
0,2
0 z
Soéng Gieng
== Cai xanh = Mdng toi Xa lach —Tiéu chudn

Hinh 4.19. Ham lwgng Cd, Cu, Pb trong rau

b. Tich lity kim loai ndng trong dat trong rau

Két qua phan tich ham lwong kim loai ning trong dét tai bang 4.45 cho
thiy trén dat trong rau duoc tudi bang nuéc sdng Cau By, ham luong cac kim
loai ning nay déu cao hon so véi trudng hop duoc tudi nude giéng va cao hon so
Vvé6i lac truéc khi thi nghiém. Vai xu thé tich iy Cu & dét trong rau xa lach >
mong toi > cai xanh; vai Pb thi mong toi > cai xanh > xa lach va voi Cd la cai
xanh > xa lach > mong toi.
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Bang 4.45. Ham lugng kim loai ning
trong dat trong rau dwge twdi tir ngudn nwéc khac nhau

Pit Cai o\ 5 Xa Trung Trudéc QCVN 03-
dwge twéi  xanh 08 lach  binh thi nghiém  :2015/BTNMT
Cd (mg/kg)
Séng 1,10a 0,53cd 0,66¢ 0,76a
. 0,64 15
Giéng 096b  041d  066c  0,67b
Cu (mg/kg)
Séng 20,34b  2385a 24,60a 22,93a
. 18,7 100
Giéng 17,44c  16,15c 24,15a  19,25b
Pb (mg/kg)
Séng 10,22b  1293a  878c  10,64a
y 8,21 70
Giéng 872c  900c  754d  842b

Ghi chi: Cac gid tri trung binh mang chit cai khac nhau thi sai khac c6 y nghia théng ké (P <0,05).

Theo tiéu chuan ham lugng kim loai nang cua dat san xuit néng nghiép
duoc quy dinh tai QCVN 03-MT:2015/BTNMT véi Cd, Cu va Pb ham luong
trong dat dugc tudi tir ca nude song va nudc giéng déu ¢ mac thap hon gidi han
t6i da cho phép.

4.2.5. Panh gia rii ro sicc khée khi sir dung rau dwoc twéi nwéc nhiém Cu,
Pb, Cd

Cac loai rau an 1a 1a thanh phan quan trong trong ché d6 an ubng cua con
nguoi dé cung cap cac chat dinh dudng khodng. Theo muc tiéu thy rau trung
binh/ngay, lugng kim loai ning Cd, Cu, Pb udc tinh (DIM) théng qua chudi thuc
pham cing véi ham luong céc kim loai nang nay trong rau duoc st dung dé tinh
chi sé rai ro sic khoe (HRI) va chi sé nguy co muc tiéu (THQ). Néu HRI va
THQ 16n hon 1, ¢6 nghia 14 d6i twong dang nam trong ngudng rai ro, nguoc lai
néu nho hon 1 ddi twong nam trong ving an toan (Adedokun & cs., 2016).
4.2.5.1. Pdnh gid riii ro sirc khde tiv tiéu thu rau qua thi nghiém dong rugng

Két qua cho thiy luong Cd, Cu, Pb tiéu thuy tir ca ba loai rau duoc twdi nuéc
song cao hon so véi duge tudi nudc giéng. Ham luong ca 3 kim loai nang nay
cao nhat 14 tir tiéu thy rau mong toi tudi nude séng Cau Bay. Voi Cd, mac di
ham luong cua nod trong nudc song va tich iy vao ca ba loai rau déu vuot qua
tiéu chuan cho phép, luong tiéu thu rau theo két qua tinh toan 1a (2,53 x 10 -
6,8 x 10®), trong khi tong muc do gigi han Cd ma co thé cé thé chuyén hoa
duoc (Rfd) (Jan & cs., 2010) véi Cd 12 0,001 mg/kg thé trong/ngay. Ham lugng
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Pb trong ca rau cai xanh, mong toi va xa lach déu vuot gigi han tbi da cho phép
theo tiéu chuén, luong tich liy khi tiéu thu rau hang ngay trong trudng hop nay
d6i voi Pb tir 11,8 x 107 - 16,6 x 10 (giéi han Rfd theo tiéu chuan quéc té 1a
0,004 mg/kg thé trong/ngay). Luong KLN hip thu hang ngay vao co thé con
ngudi khdng chi qua viéc tidu thu céc loai rau ma né con co thé tham nhap qua
rat nhiéu loai thuc pham khac va nuée udng, khoi bui tir khéng khi qua dudng hd
hip va hap thu qua da ciing lam ting muc do tich liy trong co thé. Vi vay, viéc
giéi han KLN trong rau can duoc cha y dé kiém soéat tai lugng 6 nhiém tich liy
vao co thé.
4.2.5.2. Danh gid rui ro svrc khoe tr tiéu thu rau qua thi nghiém nha luoi

Két qua nghién cau tai bang 4.47 cho thay lugng Cu, Pb, Cd tich lily trong
ca 3 loai rau tang 1én khi ting nong d6 KLN ting 1én trong nudc tudi. Vi Cd, mic
du ham lugng cta kim loai nang nay véi ngudng tir 0,1ppm tich lity vao ca 3 loai
rau déu c6 diu hiéu vuot tiéu chuan cho phép nhung luong luong tiéu thu rau
(DIM) theo két qua tinh toan cho thay van nho hon rat nhiéu (4,19 x 10°- 2,75 x
10) so voi lugng cho phép tiéu thu hang ngay tham chiéu (Rfd) (Jan & cs.,
2010) véi Cd 1a 0,001 mg/kg thé trong/ngay. Ham luong Pb tir 0,5ppm trong
nudc tudi cho cai xanh, xa lach va mong toi déu vuot gigi han téi da cho phép
theo tiéu chuan. Luong tich lity khi tiéu thu rau hang ngay trong truong hop nay
d6i voi Pb twong tu Cd, dao dong tir (6,15 x 105 - 4,19 x 10"). Mic rai ro (HRI)
Cd, Cu, Pb 16n nhat 1a d6i vi mong toi duge tudi nuée chira 1ppm Cd (0,275).
Khong chi qua rau xanh, KLN tich lily trong co thé con qua nhiéu con dudng
khac nhau nita bao gém thirc n hang ngdy, nudc ubng, qua dudng hd hap, hap
thu qua da. Do vay kiém soat gidi han KLN trong rau s& gop phan kiém soét tich
lity doc t6 trong co thé.

Tom lai:Két qua nghién citu cho thdy lwong Cu, Pb, Cd tich lily trong rau
tang 1én khi ting nong dé kim logi cé trong nwéc twéi. Véi Cd, duoe dw tinh voi
ham lwong nguéng 0,1ppm trong nwée twéi thi tich lily vao rau déu c6 dau hiéu
vieot tiéu chudn cho phép, lwong tiéu thu qua rau (DIM) theo két qua tinh todn
(4,19 x 107 - 2,75 x10*). Ham luong Pb 0,5ppm lwong tich liy khi tiéu thu rau
hang ngay trong truong hop nay doi véi Pb twong tw Cd, dao déng tir (6,15 x 107
- 4,19 x 10%). Trong khi, giéi han cho phép trong co thé (0,001 mg/kg thé
trong/ngay). Ham heong KLN tich lity trong co thé khong chi riéng rau xanh ma
con ¢6 ca leong cé trong thire pham khdc, nuwde uong, hé hap qua dwong tho, hdp
thu qua da. Do vdy, viéc kiém sodt tich lity KLN trong rau xanh rdt can thiét dé

giam thiéu rui ro an toan doi voi suc khoe.

117



81T

Bing 4.46. Du bao lwgng kim loai niing tich lily d6i véi nguoi tiéu dung rau do nuéc twéi

KLN Chi s6 Séng Giéng song Giéng Séng Giéng
Cai xanh Xa lach Méng toi
DIM 134,4 x 10° 129,1 x10°® 174,6 x 10° 168,5 x 10° 180,2 x 10° 175,6 x 10°
c HRI 3,36 x 107 3,23 x10? 4,36 x 107 4,21 x 10 451 x 10 4,39 x 107
THQ 6,72 x 10™ 6,46 x10™ 8,73 x 10* 8,43 x 10 6,44 x 10 6,27 x 10™
DIM 15,3 x 10 14,4 x10° 12,8 x 10 11,8 x 10 16,6 x 10° 15,2 x 10
Pb HRI 3,83 x 107 3,59 x10? 3,2x 102 2,96 x 107 4,15 x 10 3,81 x 107
THQ 7,67 x 10* 7,18 x10™ 6,41 x 10™ 5,92 x 10 5,92 x 10 5,44 x 10™
DIM 5,44 x 107 4,47 x10° 4,85 x 10 2,53 x 10° 6,8 x 10° 3,53 x 10®
Cd HRI 5,44 x 107 4,47 x107 4,85 x 10 2,53 x 107 6,8 x 10 3,53 x 107
THQ 10,84 x 10* 8,93 x10™ 9,71 x 10 5,05 x 10 9,71 x 10 5,05 x 10
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Bang 4.47. Du bao lwong kim loai niing tich lily d6i véi ngudi tidu dung rau qua céc chi sé

Cong thirc DIM 3 HRI 5 THQ 5
Cai xanh Xa lach Mong toi Cai xanh Xa lach Mong toi  Cai xanh Xa lach Mong toi
Cu
Cu0 1,04x10° 1,09x10° 120x10° 2,60x102 2,73x102 299x102 519x10* 546x10* 4,28x10*
Cu0,2 1,29x10° 1,36x10% 155x10° 323x102? 341x102 387x10? 6,46x10* 6,82x10* 553x10*
Cu0,5 1,73% 107 1,8 x10° 202x10° 432x10% 450x10%2 506x102% 863x10* 9,00x10% 7,23x10*
Cu0,8 210%x10° 219x10% 245x10° 526x10%2 549x102 6,12x10%2 1,05x10° 1,10x10° 8,74x10*
Cul,6 265%x10° 283x10° 284x10° 6,63x10% 7,08x10%2 7,10x10% 1,33x10° 1,42x10° 1,01x10°
Cu2,0 312x10° 328x10° 306x10° 781x10%2 821x10% 7,66x10% 156x10° 164x10° 1,09 x 1073
Pb
PbO 239x10° 308x10° 259x10° 599x10° 647x10% 770x10° 120x10* 1,0x10% 1,29x10*
Pb0,1 343x10° 353x10° 427x10° 858x10° 107x102 883x10°% 1,72x10* 1,26x10* 2,14 x10*
Pb0,5 6,15x 10° 725x10° 7,12x10° 154x10% 178x10%2 1,81x10?% 3,07x10* 259x10*% 356x10*
Pb1,0 1,15x10* 140x10* 126x10* 286x10% 3,14x10% 351x10?% 573x10* 502x10* 6,28x10*
Pb2,0 1,80x 10* 324x10* 228x10* 450x102 571x10%2 811x102% 900x10* 116x10* 1,14x103
Pb4,0 266x10*% 419x10* 351x10% 665x10%2 877x102 105x10! 133x10° 150x10° 1,75x10°
Cd
Cdo 583x 107 544x107 583x107 583x10* 583x10* 544x10% 117x10° 1,17x10° 7,77 x10°
Cdo0,01 854x10% 870x10% 990x10% 854x10° 990x10° 870x10°% 1,71x10* 1,98x10% 1,24x10%
Cd0,05 219%x10° 288x10° 249x10° 219x10%2 249x102 288x102% 439x10* 497x10*% 4712x10%
Cdo,1 419%x10° 533x10° 445x10° 419x10%2 445x102 533x102 839x10* 8,89x10* 7,61x10*
Cdo0,5 132x10% 169x10% 153x10*% 132x10! 153x10! 169x10! 265x10° 305x10° 241x103
Cd1,0 240x10% 275x10* 248x10*% 240x101 248x10' 2,75x10! 480x10° 495x10° 3,93x 103




4.2.6. Giéi han an toan vé nong dd kim loai ning trong nwéc twéi cho rau in la

M6 hinh hdi quy Tobit dwoc sir dung dé dy bao ngudng tbi da ciia Cu, Pb va
Cd trong rau cai xanh, xa lach va méng toi dwa vao néng do cac kim loai nay trong
nude tudi va ndng do cua nd ¢ san trong dat véi ngudng gisi han an toan trong
rau theo khuyén cdo ciia Bo NN&PTNT Cu duéi 30 mg/kg (Bd Nn & Ptnt, 2007);
theo B9 Y té tai QCVN 8-2:2011/BYT d6i véi Pb phai duéi 0,3 mg/kg va Cd dudi
0,2 mg/kg.

Két qua du bao duogc thé hién qua cac phuong trinh hoi quy trinh bay tai
bang 4.48 cho thay, ham luong Cu, Pb va Cd trong nudc tudi co tac dong rd rét
dén sy tich lily ching trong ca 3 loai rau thi nghiém (P >[t| < 0,05). Theo d6, ddi
Vv6i Cu, Pb, Cd néu ting thém 1mg/l (ppm) thi ham lugng cac kim loai nay trong
rau cai xanh, xa lach va mong toi ting 1én tuong tng la 2,98; 3,54 va 2,89 mg/kg
rau kho dbi voi Cu; 0,26; 0,21; 0,23 mg/kg rau khé (Pb) va 1,31; 1,52; 1,01 mg/kg
rau kho dbi vai Cd.

Két qua dur bao dua trén diéu kién thi nghiém, ca 3 loai rau cé thoi gian sinh
truong 35 dén 46 ngay, duoc trong trong diéu kién chau vai dit trong nha luédi co
mai che, trén dit nén trung tinh c6 ham lugng Cu ban dau la 20,24 mg/kg va sir
dung k§y thuat tudi nho giot dugc thé hién tai bang 4.49. Trén co s Vé giGi han toi
da cho phép cua Cu trong dat trong theo TCVN thi c6 thé cho thdy gii han Cu
trong nudc tudi 14 tir 9,04ppm xudng 3,3ppm cho cai xanh, tir 7,53ppm xuéng
2,95ppm cho rau xa lach va tir 9,33 dén 3,52ppm (mong toi) dé dam bao lwong
Cu trong rau ¢ ngudng an toan theo quy dinh. Khi ham lugng Cu trong dat trén
150 mg/kg (cai xanh, xa lach) va trén 190mg/kg (mong toi), viéc st dung nudc
tudi bi nhiém Cu s& ¢6 hai vi ham lugng Cu tich lily trong rau s& vugt qua GHCP.
Tinh chat hoa hoc trong dét ciia Cu twong ty nhu cadimi, chi, niken va k&m. Nong
d6 Cu trong dung dich dat phan Ién duoc xac dinh boi cac phan ang hap phu va
giai hap véi phtc hop trao doi dat. Mac du, theo tiéu chuan vé chat lugng nudc
tudi cia FAO (Ayers & Westcot, 1985) dé sir dung twong ddi khéng han ché trén
tat ca cac loai dat va nong do pham vi danh cho dét trung tinh dén kiém c6 két cau
min dé tudi trong thoi gian 1én t6i 20 nam, twong dwong véi hau hét cac tiéu chi
qudc té (0,2ppm). Tuy nhién, sy hap thu chiém wu thé & nong d6 twong ddi thap, 1a
mbi quan tim d6i VG cac tiéu chi chat luong nudc tudi. Theo do6, trudng hop sir
dung nudc tudi trong thoi gian ngan hoic tai s dung nude co thé sir dung khi
nuée tudi chira ham luong Cu 1én dén trén Sppm (Department of Water Affairs
and Forestry (DWAF), 1996).
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Bang 4.48. M6 hinh hoi quy Tobit

du bao ngudng tdi da ciia Cu, Pb va Cd trong rau

M0 hinh hoi quy Tobit
Rau
Cu Pb Cd

Cai CUrau = 1,17 + 2,98 X Pbrau: 0,12 + 0,26 X Cdrau = 0,02 + 1,31 X
xanh CUnuse + 0,19 X CUdét anué'c"‘ 0,01 X Pbdét Cdnuéc"' 0,05 X Cddét
Xa lach CUrau= 155+ 3,54 X Pbrau= 0,08 + 0,21 X Cdrau= 0,013 + 1,52 X

CUnyse + 0,18 x Cugit Pbnyse + 0,03 % Phait Cdnuse + 0,024 x Cdaat
Mong CUrau=1,83 + 2,89 x Pbra= 0,07 + 0,23 x Cday=0,01 +1,01 x
toi CUnuse + 0,128 x Cudi Pbnuse + 0,02 x Phgst Cdhuse + 0,1 % Cdas

Theo két qua du bao tai bang 4.50, dé dam bao ham luong Pb trong rau &
ngudng an toan theo quy dinh (Bo Y té, 2011), giéi han Pb trong nude tudi cho 3
loai rau: Tir 0,65 xudng dén 0,04ppm (cai xanh) khi ham luong Pb trong dét trong
ban dau néu duoc dao dong tir 1 dén 17 mg/kg.Tir 0,9ppm xubng 0,05ppm (xa lach)
khi ham luong Pb trong dat trong ban dau néu duoc dao dong tir 1 dén 7 mg/kg voi
khoang céch 1a 1 mg/kg. Poi vé6i rau mong toi, gidi han Pb trong nude tudi tir 0,93

xudng dén 0,06ppm trong trudng hop Pb trong dat trong ban dau dao dong tir 1 dén
10 mg/kg. Khi ham luong Pb trong dat trén 17 mg/kg (cai xanh), 7 mg/kg (xa lach),
hay 16n hon 10 mg/kg (mdng toi), viéc st dung nudc tudi bi 6 nhidm s& ¢ hai vi

ham luong Pb tich Iy trong rau s€ vuot gidgi han 0,3 mg/kg.

Bang 4.49. Gid¢i han an toan

ciia Cu trong nwée twéi va dit bang cach sir dung mé hinh Tobit

STT Nong d6 Cu trong dat Gi6i han Cu trong nuéc twéi (ppm)
(mg/kg) Cii xanh Xalach Mong toi
1 10 9,04 7,53 9,33
2 20 8,40 7,02 8,92
3 30 1,76 6,51 8,50
4 40 7,12 6,00 8,09
5 50 6,49 5,49 7,67
6 60 5,85 4,99 7,26
7 70 5,21 4,48 6,84
8 80 4,57 3,97 6,43
9 90 3,94 3,46 6,01
10 100 3,30 2,95 5,60
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Bang 4.50. Gi6i han an toan

ciia Pb trong nuéc twéi va dit bang cach sit dung mé hinh Tobit

STT Nong do Pb di dong trong dat Gi6i han Pb trong nuérc tudi (p‘pm)
(mg/kg) Cai xanh Xa lach Mong toi

1 1 0,65 0,90 0,93
2 2 0,62 0,76 0,84
3 3 0,58 0,62 0,74
4 4 0,54 0,48 0,64
5 5 0,50 0,33 0,55
6 6 0,46 0,19 0,45
7 7 0,42 0,05 0,35
8 8 0,38 - 0,26
9 9 0,35 - 0,16
10 10 0,31 - 0,06
11 11 0,27 - -
12 12 0,23 - -
13 13 0,19 - -
14 14 0,15 - -
15 15 0,12 - -
16 16 0,08 - -
17 17 0,04 - -
18 18 0,00

Dya trén co so ham luong Cd téi da cho phép trong dat trong rau theo
TCVN két hop phuong trinh hdi quy Tobit cho két qua du béo vé giéi han an
toan cua Cd trong nudc tudi & bang 4.51. Ham lugng Cd trong dat trong ban dau
néu dugc dao dong tir 0,1 dén 1,5 mg/kg véi khoang cach 1a 0,1 mg/kg thi dé
dam bao ham luong Cd trong rau & ngudng an toan theo quy dinh (Bo Y té,
2011), ham luong Cd trong nudc tudi tir 0,14 xubng dén 0,08ppm (cai xanh); tur
0,12ppm xudng 0,1ppm (xa lach) va tir 0,18 giam dén 0,05ppm (Mdng toi). Theo
két qua du bdo, ham luong Cd trong nudce tudi co gidi han cao nhat cho cai xanh,
xa lach va mong toi 1an luot 14 0,14; 0,12; 0,18ppm (>0,1ppm) GtNng VGi ngudng
thip nhat cua Cd trong dat 1a 0,1mg/kg. Nhu vay, két qua ham luong Cd trong
nude tudi theo dy bdo 16n hon so véi két qua tir thi nghiém (Bang 4.35) do ham
luong Cd trong dét ban dau (0,1mg/kg) cao hon ham lwong Cd trong dét nén thi
nghiém (0,02mg/kg). Pdi véi ham luong Cd trong dat trén 7,2 mg/kg (xa lach),
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3,4 mg/kg (cai xanh) hay lén hon 2 mg/kg (mdng toi), viéc sir dung nuée tudi bi
nhiém Cd s& ¢ hai vi ham lugng Cd tich liiy trong rau s& vuot gidi han 0,2
mg/kg. Cong bd cua tac gia Ha Manh Théng (2019) cho thay cai mo trdng trén
dat phu sa sdng Hong nhiém Cd 1én téi 6 mg/kg khong gy tich liy vuot GHCP
trong rau theo TCVN, ddng thai khong kim hdm sy phat trién ciing nhu 1lam giam
nang suit loai rau nay.

Bang 4.51. Gi6i han an toan
ciia Cd trong nwée twéi va dit bang cach sir dung mé hinh Tobit

STT Nong d¢ Cd trong dat Gi6i han Cd trong nwéc twdi (ppm)
(mg/kg) Cai xanh Xa lach Mbdng toi
1 0,1 0,14 0,12 0,18
2 0,2 0,13 0,12 0,17
3 0,3 0,13 0,12 0,16
4 0,4 0,13 0,12 0,15
5 0,5 0,12 0,12 0,14
6 0,6 0,12 0,11 0,13
7 0,7 0,11 0,11 0,12
8 0,8 0,11 0,11 0,11
9 0,9 0,11 0,11 0,10
10 1 0,10 0,11 0,10
11 1,1 0,10 0,11 0,09
12 1,2 0,10 0,10 0,08
13 1,3 0,09 0,10 0,07
14 1,4 0,09 0,10 0,06
15 1,5 0,08 0,10 0,05

Két lugn vé gidi han an toan Cu, Pb, Cd trong nudc tudi cho rau an la:

M6 hinh héi quy Tobit dwoc sir dung dé dw dodn gidi han an toan KLN
Ciia nwée twdi dua trén ham lwong KLN san ¢é trong dat. Két qua cho thady:
Gi6i han Cu trong nuwéce teéi 1a tir 9,04ppm xuong 3,3ppm cho cdi xanh, tir
7,53ppm xuéng 2,95ppm cho rau xa lach va tir 9,33 dén 3,52ppm (mong toi) dé
dam bdo luwong Cu trong rau ¢ ngudng an toan theo quy dinh. Khi ham lwong
Cu trong dat trén 150 mg/kg (cdi xanh, xa lach) va trén 190mg/kg (mong toi),
viéc sir dung nuée tudi bi nhiém Cu sé ¢6 hai vi ham lwong Cu tich lily trong
rau sé vuirot qua GHCP.
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Gidi han Pb trong nuée twéi tir 0,65 xudng dén 0,04ppm (cdi xanh) khi
ham heong Pb trong ddt trong ban dau néu dwoc dao dong tir 1 dén 17 mg/kg. T
0,9ppm xudng 0,05ppm (xa lach) khi ham heong Pb trong dat trong ban dau néu
dwge dao dong tir 1 dén 7 mglkg véi khodng cdch la 1 mg/kg. P41 véi rau mong
toi gi6i han Pb trong nuée tudi tir 0,93 Xudng dén 0,06ppm trong trwong hop Pb
trong dat trong ban dau dao déng tir 1 dén 10 mg/kg. Khi ham hrong Pb trong
dat trén 17 mg/kg (cdi xanh), 7 mg/kg (xa lach), hay 1én hon 10 mg/kg (mong
toi), viéc sir dung nwée tedi bi 6 nhiém sé c6 hai vi ham lwong Pb tich lily trong
rau sé vuot gioi han 0,3 mg/kg.

Gidi han ham lwong Cd trong mwde twéi tir 0,14 xuong dén 0,08ppm (cdi
xanh); tr 0,12ppm xuéng 0,1ppm (xa lach) va tir 0,18 gidm dén 0,05ppm (mang
toi) néu ham lwong Cd trong dat trong ban dau dao dong tir 0,1 dén 1,5 mg/kg véi
khodng cdch la 0,1 mg/kg dé dam bdo ham lhrong Cd trong rau ¢ ngwéng an toan
theo quy dinh (Bo Y Té, 2011), Péi Véi ham lwong Cd trong dat trén 7,2 mglkg
(xa ldch), 3,4 mg/kg (cdi xanh) hay 16n hon 2 mg/kg (méng toi), viéc sir dung
nude twdi bi nhiém Cd sé ¢é hai vi ham lwong Cd tich liy trong rau sé vuot
gioi han 0,2 mg/kg.

4.3. GIAlI PHAP GIAM THIEU TiCH LUY KIM LOAI NANG TRONG
RAU AN LA DO TUGI NUOC O NHIEM

D3 c6 nhiéu nghién ciru trén thé gidi va Viét Nam dé cap dén cac giai phéap
nham giam thiéu tich lity 6 nhiém kim loai ning trong dat va ndng san nhu st
dung rom & nham cung cap thém chat dinh dudng can thiét cho vi sinh vat hap
phu kim loai nang (Golomeova & Zendelska, 2016). Vi doc tinh manh, kha
nang lan truyén nhanh, cac doc chat kim loai ning la nguyén nhan gay ra nhiéu
vu nhiém doc thyc pham & ngudi, tham chi tao ra cac bénh ung thu nguy hiém
(Hassaan & cs., 2016).

Nghién ctru da lwa chon rom ra, than sinh hoc tir vo trau 1a nhitng vat liéu
c6 ham luong Si cao (ngudn phu pham ndng nghiép cé sin) va khoang sét zeolite
(chat cai tao dét tdt, kha ning trao doi cation cao, c6 thé hap phu hiéu qua céc
kim loai ning nhu Cd, Pb). Mirc d6 va kha nang hut thu cta cay ddi véi kim loai
nang (KLN) trong dat phu thuc nhiéu vao diéu kién méi truong dat va cac dang
t6n trong dat cua KLN (Phan Quéc Hung, 2011; Fujimori & cs., 2016). Dang dé
tiéu cua Pb va Cd do khong ké dén ham luong bi hip thu chit trong tinh thé Si
(12 dang ma cay trong rat khé st dung) duoc nghién ctu sir dung dé danh gia kha
nang hut thu va tich lily Pb va Cd trong rau.
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4.3.1. Anh hwéng cia khoang sét zeolite, than sinh hec va rom u dén ham
lwong Pb va Cd dé tiéu trong dat
4.3.1.1. Anh hwong ciia khodng sét zeolite, than sinh hoc va rom i dén ham
lwong Pb dé tiéu trong dit

Két qua thay ddi tinh linh dong cua Pb thé hién qua két qua phan tich Pb dé
tiéu khi tron vao dat cac vat liéu ty nhién gom zeolite, than sinh hoc va rom t qua
03 vu cay trong duoc thé hién trong hinh 4.20.

Ham hrong Pb trong dat tréng cai xanh
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Hinh 4.20. Anh hwéng cia khoang sét zeolite, than sinh hoc
va rom i dén ham lwong Pb dé tiéu trong dat trong rau
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Két qua nghién cau cho thay zeolite ty nhién c6 kha niang giam tinh linh
dong cua Pb trong dat trong & ca 3 loai rau tot hon so véi than sinh hoc va rom ra.

Trong vu thr 1, ¢ cong thac bd sung 1% zeolite, Pbg giam: 21,47% (cai
xanh); 17,22% (mdng toi); 22,5% (xa lach). Khi ting ham lwong b sung zeolite
1én 2% trong dat, Pba giam: 35,89% (cai xanh); 32% (mdng toi); 34,74% (xa
lach). Khi tang ham luong zeolite 1én 3%, Pbg: giam: 46,7% (cai xanh); 47,86%
(mdng toi); 48,04% (xa lach) so voi cong thire d6i ching khong sir dung zeolite.
Két qua cua vu thir 2 va 3, ham luong Pbg déu cé xu huéng giam khi taing ham
lugng zeolite. Tuy nhién, hiéu qua han ché tinh linh dong trong dat giam di khi
ham luong tich lily trong dét ting 1én. O vy tha 2, hiéu qua giam tinh linh dong
ciia Pb 13 41,8% (cai xanh); 43,99% (mbdng toi); 41,59% (xa lach) va dén vu tht
3 giam xudng twong ung ¢ dat tréng cai xanh, mong toi va xa lach 1a 39,9%;
41,58% va 39,71%. Nhu vay, trong cac cong thirc bo sung zeolite thi déu han ché
dugc mutc d6 linh dong cua Pb, mic du hiéu qua giam dan khi ham luong tich liy
trong dat ting Ién.

Str dung than sinh hoc va rom u ¢ ty 1€ 2,5%, s¢€ giam duogc dudi 10% va
khoang 13,9% tinh linh dong cua Pb (cai xanh); 12,2% va 14,33% (mdng toi);
12,24% va 11,63% (xa lach). Khi bd sung ting 1én dén 5% than sinh hoc va
rom U thi hiéu qua giam tinh linh dong d6i véi Pb cao hon, dat khoang 19,48-
21,47% (cai xanh); 17,23-22,87% (mong toi); 16,61%-20,54% (xa lach) trong
vu thir 1 va xu hudéng twong tu cling dat dugc ¢ cac vu thr 2 va 3.
4.3.1.2. Anh huwéng ciia khodng sét zeolite, than sinh hoc va rom i dén ham
lwong Cd dé tiéu trong dit

Két qua thay d6i tinh linh dong cua Cd thé hién qua két qua phan tich Cd d&
tiéu khi tron vao dat cac vat liéu tu nhién gdm zeolite, than sinh hoc va rom u qua
03 vu cay trong dugc thé hién trén hinh 4.21.

Két qua nghién ciu cho thay zeolite ty nhién c6 kha niang giam tinh linh
dong cua Cd trong dat trong & ca 3 loai rau tot hon so véi than sinh hoc va rom ra.

Trong vu thtr 1, & cong thize bo sung 1% zeolite, Cda: giam: 25% (cai xanh);
36% (mdng toi); 26,1% (xa lach). Khi ting ham lugng bd sung zeolite 1én 2%
trong dat, Cda giam: 37,5% (cai xanh); 48% (mdng toi); 47,83% (xa lach). Khi
tang ham luong zeolite 1&n 3%, Cdg giam: 62,5% (cai xanh); 68% (mong toi);
65,22% (xa lach) so véi cong thirc dbi ching khéng sir dung zeolite. Két qua cua
vu thir 2 va 3, ham lugng Cdg: déu c6 xu hudng giam khi tang ham luong zeolite.
Tuy nhién, hiéu qua han ché tinh linh dong trong dat giam di khi ham lugng tich
lity trong dat ting 1én. O vu thtr 2, hiéu qua giam tinh linh dong cua Cd 1a 60,53%
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(cai xanh); 65,79% (méng toi); 61,11% (xa lach) va dén vu tha 3 giam xudng
tuong ng & dat trdng cai xanh, mong toi va xa lach 1a 58,82%; 62.5% va 59,09%.
Nhu vay, trong cac cong thirc bd sung zeolite thi déu han ché dwoc mirc d6 linh
dong cua Cd, mic du hiéu qua giam dan khi ham luong tich lily trong dat tang 1én.

Ham luong Cd trong dat trong cai xanh
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Str dung than sinh hoc va rom u ¢ ty 1€ 2,5%, sé giam dugc 8,33% va 4,2%
tinh linh d6ng cua Cd (cai xanh); 16% (mdng toi) va & mac phdi tron ty 16 nay
giam Cd khéng c6 ¥ nghia dbi véi dat xa lach. Khi bd sung ting 1én dén 5% than
sinh hoc va rom 1 thi hiéu qua giam tinh linh dong d6i v6i Cd cao hon, dat
khoang 20,83-25% (cai xanh); 32% (mdng toi); 30,43% (xa lach) trong vu thir 1
va xu hudng tuong tu cling dat duoc ¢ cac vu thir 2 va 3.

Két qua nay c6 xu hudng twong tu véi két qua caa mot sé tac gia nhu (Murtié
& cs., 2020a) da thir nghiém bon zeolite va pyrophyllite cho dat bi 6 nhiém kim
loai nang trong khu khai thac mo tai Serbia. Tac gia Lou & cs. (2008), Xu & cs.
(2012) va Liu (2011) da thir nghiém dung montmorillonite (Montmorillonit (Mt) la
mét trong nhitng khoang sét doi dao ty nhién nhat c6 céc 16p tich dién am bat
nguon tir sy thay thé dang hinh trong cac tim bét dién va ti dién), zeolite, kaolinite
va céc loai khoang sét khac dé cai tao dat bi nhiém kim loai nang Cu?*, Pb%*, Zn?*,
Cd?* va Cr®* ciing cho thay hiéu qua giam tinh linh dong cta cac KLN nay trong
dat. Ngoai ra, két qua cling twong ddng véi mot s6 cac nghién ciru trude day, chi ra
hiéu qua cua zeolite, than sinh hoc va rom u trong viéc giam thiéu tich lity kim loai
nang trong dat (Misaelides, 2011). Nghién ciru nay ciing khuyén céo 1a khéng nén
sir dung ty 18 phdi tron cao ddi véi zeolite vi khodng sét ndy c6 thé anh huong dén
kha nang linh dong cua cac hop chat dinh dudng nhu N, P, K anh hudng dén ning
sut va chat lwong cua cay trong.

4.3.2. Anh hwéng caa khoang sét zeolite, than sinh hoc va rom 1 dén tich liy
Pb, Cd trong rau in 14 do str dung nwéc twdi 6 nhiém

Nhu két qua da phan tich & phan trén, zeolite, than sinh hoc va rom u da
han ché dugc tinh linh dong cua Pb va Cd trong dat do vay da han ché tich liiy Pb
va Cd vao trong rau khi sir dung nuéc twgi 6 nhiém.

Nong d6 Pb va Cd trong rau duoc trong trén dat khdng phéi tron vat liéu
(cdng thirc dbi chimg) cao hon so véi cac cong thic cd tron thém zeolite, than
sinh hoc va rom u. Ham lwong Pb va Cd trong rau lan luwot 13 2,17 va 0,68
mg/kg (cai xanh); 1,93 va 0,59 mg/kg (mong toi); 2.0 va 0,63 mg/kg (xa lach) ¢
vu thir 1 va tang dan & vy thir 2 va 3 do ham luong Pbg va Cdg trong dét ting
lén. Viéc b sung zeolite véi 3% lam giam dang ké Pb va Cd tich lily trong rau.
Str dung lidu luong khoang sét cang cao thi tac dung cang thé hién rd. Két qua
thi nghiém & ca trung binh 3 vu cay trong lién tiép cho thiy, khi bd sung 1%
zeolite vao dat s& giam dugc tich lily vao rau cai xanh 34,7%; mong toi
29,04%; xa lach 23,39% so véi dbi chirng. Sir dung zeolite 2-3% cho hiéu qua
cao hon, giam dugc lugng tich ldy Pb: 63,49-72,61% (cai xanh); 64,65-71,16%
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(mdng toi); 63,76-69,72% (xa lach). Luong Cd tich liy trong rau giam duogc 1a
47,22-61,11% (cai xanh); 43,75-60,94% (mong toi); 39,39-59,09% (xa lach).
So véi than sinh hoc va rom 1, zeolite 3% cd hiéu qua cao nhét dé han ché tich
Itiy Pb va Cd trong nhom rau an 14 nay.

Bing 4.52. Anh huéng ciia khoang sét zeolite,
than sinh hoc va rom u dén tich lily Pb trong rau

Don vi: mg/kg rau khd

Loai rau Cong thire Vul Vu?2 Vu3
CT1 2,172+0,16 2,422 +0,08 2,65 + 0,06
CT2 1,68° + 0,09 1,71°+0,1 1,73°+ 0,06
CT3 0,86°+ 0,07 0,88° + 0,07 0,89° + 0,07
CT4 0,64" + 0,06 0,66" + 0,06 0,67"+0,04
Cai xanh CT5 1,71+ 0,03 1,89° + 0,04 1,85° + 0,04
CT6 1,369 + 0,04 1,389+ 0,03 1,349 + 0,04
CT7 1,92° + 0,07 1,93° + 0,06 1,88°+0,1
CT8 1,369 +0,03 1,419 + 0,04 1,419+0,02
LSDo s 0,14 0,11 0,1
CT1 22+ 0,07 2,172+ 0,05 2,36+ 0,03
CT2 1,65° + 0,08 1,699+ 0,03 1,68° + 0,05
CT3 0,77¢+0,03 0,819+ 0,03 0,79f + 0,06
CT4 0,647+ 0,02 0,66" + 0,04 0,689 + 0,02
Xa lach CT5 1,69 + 0,08 1,79°+ 0,03 1,81° +0,03
CT6 1,369+ 0,04 1,327+ 0,03 1,29°+ 0,08
CT7 1,78°+0,09 1,88+ 0,06 1,87° +0,05
CT8 1,389 +0,04 1,43%+ 0,06 1,429 + 0,06
LSDo,s 0,1 0,07 0,09
CT1 1,93%+ 0,09 2,19*+0,11 2,322+ 0,05
CT2 1,62° + 0,07 1,68° + 0,04 1,67¢+0,05
CT3 0,74° + 0,06 0,787+ 0,06 0,767+ 0,04
CT4 0,617+ 0,05 0,629 + 0,04 0,69 + 20,05
Mong toi CT5 1,65 + 0,03 1,77 + 0,06 1,77° +0,04
CT6 1,339+0,05 1,28%+ 0,06 1,22¢+0,04
CT7 1,71° +0,05 1,85° + 0,04 1,83°+0,05
CT8 1,349+ 0,04 1,399+ 0,02 1,389+ 0,03
LSDo,s 0,09 0,1 0,07

Ghi chu; Cac chir cai khac nhauvtrén cUpg mot cot thé hién sy sai khac co y nghia ¢ muc P <0,05.
Tat ca cac Gia tri dugc biéu thj bang gia tri Trung binh + Do 1éch chuan SD véin=3
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Hinh 4.22. Anh huéng ciia khoang sét zeolite, than sinh hoc

va rom u dén tich lily Pb trong rau

130



Bing 4.53. Anh huéng ciia khoang sét zeolite, than sinh hoc
va rom u dén tich liy Cd trong rau

bon vi: mg/kg rau kh

Loai rau Cong thirc Vul Vu?2 Vu3
CT1 0,68% + 0,05 0,72%+ 0,04 0,76°+0,03
CT2 0,42° +0,03 0,56° + 0,03 0,48°+0,03
CT3 0,38% + 0,04 0,38+ 0,03 0,39% + 0,02
CT4 0,27°+0,03 0,29°+0,03 0,287+ 0,02
Cai xanh CT5 0,52° +0,03 0,54° +0,01 0,55° +0,01
CT6 0,41% + 0,02 0,46°+0,03 0,424 0,02
CT7 0,53° + 0,03 0,52° +0,03 0,53" +0,03
CT8 0,369 +0,02 0,379+ 0,02 0,37¢+0,01
LSDo,s 0,05 0,05 0,04
CT1 0,632+ 0,04 0,66%+ 0,03 0,69%+ 0,02
CT2 0,43°+0,01 0,55° + 0,04 0,49+ 0,03
CT3 0,42° +0,03 0,38°+0,01 0,49+0,02
CT4 0,27+ 0,01 0,289+ 0,02 0,25¢ + 0,02
Xa lach CT5 0,53° +0,03 0,55° + 0,02 0,56° +0,02
CT6 0,379 +0,03 0,4°+0,02 0,389+ 0,01
CT7 0,54° + 0,04 0,52°+ 0,03 0,54° +0,02
CT8 0,36% + 0,02 0,37°+0,02 0,37¢+0,04
LSDo,s 0,05 0,04 0,04
CT1 0,59% + 0,04 0,642+ 0,02 0,682+ 0,02
CT2 0,46° + 0,05 0,51 + 0,02 0,45° + 0,04
CT3 0,36% + 0,02 0,35°+ 0,02 0,379+ 0,03
CT4 0,25° + 0,02 0,26 + 0,02 0,25°+ 0,02
Mong toi CT5 0,51° + 0,02 0,53+ 0,02 0,52° + 0,02
CT6 0,39¢ +0,01 0,419+ 0,02 0,39 +0,02
CT7 0,51° +0,01 0,49°+0,03 0,51° + 0,02
CT8 0,359 +0,03 0,36°+ 0,02 0,369+ 0,01
LSDo,s 0,05 0,04 0,04

Ghi cha: Cac chir cai khac nhau trén ciing mot cot thé hién su sai khac ¢6 ¥ nghia & mirc P <0,05.
Tt ca cac Gia tri dugc biéu thi bang gié tri Trung binh + D6 léch chuan SD véi n = 3.
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Hinh 4.23. Anh hwéng cia khoang sét zeolite, than sinh hoc
va rom u den tich lily Cd trong rau

Str dung than sinh hoc ciing han ché tich liiy 6 nhiém Pb va Cd trong rau.
Khi str dung ty 1& 2,5% phdi tron vao dat 1am giam 24,48-25% kha ning tich lity
Pb va Cd trong rau cai; 19,53-18,75% & rau mong toi va 19,27-16,67% dbi voi
xa lach so véi @i chung. Tich lity Pb va Cd c6 thé giam toi 43,57-40,28% (cai
xanh); 40,47-37,5% (mdng toi); 52,29-42,42% (xa lach) néu tang ty 1& than sinh
hoc 1én 5%.

132



Rom u cling c¢6 kha nang giam tich liiy Pb va Cd vao cay, giam duogc 20,75-
26,3% (cai xanh); 16,28-21,88% (méng toi); 15,6-19,7% (xa lach) véi cong thuc
bd sung 2,5% va co thé han ché dugc 42,32-48,61% (cai xanh); 36,28-43,75%
(mdng toi); 35,32-43,94% (xa lach) so véi d6i ching néu sir dung ty 16 rom u
5%. Két qua nay c6 su phl hop véi cac nghién ctu trude day (Esmaeili & cs.,
2019; Chaiyaraksa & Tumtong, 2019). Ham luong Cd tich lily trong néng san
dugc giam thiéu khi ding rom ra va than sinh hoc phdi tron vao dat trong. Kha
ning kiém soat Cd tich lily trong gao theo thr ty dat duoc bd sung véi ty 16
Rom 2,5% < Than - Rom 1,25 -1,2,5% < Than 2,5% < céac cong thuc (Than
5%, Rom 5%, Than - Rom 2.5 -2,5%). Than va Rom dwoc tron theo ty 18 5% vé
trong luong cho két qua tét nhat dé giam thiéu tich lity Cd trong lta (Vi Thi
Khic, 2022).

Zeolite, than sinh hoc va rom u ¢6 thé giam tinh linh dong caa kim loai nang
Pb va Cd trong dét va han ché dugc tich liiy doc to trong rau an 1a duoc giai thich
do cau truc tinh thé Si ciia khodng sét va cot Si trong tro trau va rom ra, ngoai ra
con phu thudc vao co ché ciia qua trinh trao d6i ion trong dat khi bd sung nhiing
loai vat liéu nay. Cu thé 1a zeolite 1a cac khoang chat aluminosilicat ngam nudc ty
nhién duoc dic trung boi cac tir dién SiO4 va AlO; lién két véi nhau bang cac
nguyén tir O2. Cau tric tinh thé Aluminosilicat mang dién tich 4m va do d6 hut cac
cation duong nhu natri (Na*), kali (K*), canxi (Ca2*) va magie (Mg?*) dé bu dap su
mat can bang dién tich. Cac cation nay c6 thé trao d6i véi Pb va Cd trong dung
dich dat (Golomeova & Zendelska, 2016; Gadepalle & cs., 2007; Brozou & cs.,
2018). Ngoai ra, zeolite dd gdp phan nang tinh dém cho dat, gia tri pH ting lam
giam tinh di dong cua kim loai ning trong dét va cay trong do kim loai nang ton tai
& cac pha ¢ dinh nhiéu hon (Murti¢ & cs., 2020b). Bén canh d6, két qua thi
nghiém tinh chat vat liéu cho thay zeolite c6 dung tich trao ddi cation 16n (CEC
99,02 cmolckg™?) va thanh phan tinh thé khoang cé chia Si (32,43%) va Al
(36,68%), nén c6 kha ning giit duoc cac cation kim loai trén bé mat khoang sét
(Golomeova & Zendelska, 2016). Trong khi d6, CEC cua than than sinh hoc chi
dat 11,82 va rom 1 1a 18,73 cmolckg™. Ciing theo giai thich cua tac gia Tran Cong
Tau & cs. (1986), axit silic vo dinh hinh ¢ kha nang hap phu cation véi mot lugng
kha cao (34meq/100g ¢ pH 7), trong khi vat liéu zeolite, than sinh hoc va rom u sir
dung trong nghién ciru ¢6 pH dao dong tir 6,86 dén 7,62. Do vay, Si trong cau tric
tinh thé cua vat lidu ciing kha ning cao dé giir lai cac KLN trén bé mat cau truc,
cling 14 nguyén nhan cac KLN bi han ché tinh linh dong trong dat.
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PHAN 5. KET LUAN VA KIEN NGHI

5.1. KET LUAN

(1) Nudc tudi tai mot s6 hé théng thiy loi dién hinh ving dong bang séng
Hong (Bac Hung Hai, Song Nhué va Bic Pudng) duoc luan an phan tich trong
mua khé nam 2020 va 2021 cho két qua ham luong Cu gap 1,5-1,7 lan, Pb vuot
tr 2,4-4 1an va Cd cao gap 4-7 lan GHCP theo QCVN 08-2015/BTNMT va
QCVN 08-2023/BTNMT. Tich liiy Cu, Cd trong rau cai xanh, xa lach va méng
toi hau hét con ¢ trong GHCP theo TCVN. Tich lily Pb trong rau cai xanh va xa
lach & mot sb vi tri ldy mau da vugt GHCP, dao dong lan luot 12 0,31-0,35 mg/kg
va 0,33-0,41 mg/kg. Mong toi trong diéu kién nghién ctu cua luan an chua phét
hién thay tich lity Cu, Pb, Cd vugt GHCP.

(2) Trong diéu kién thi nghiém va thuc hién nghién cau cua luan an, nuéc
tudi ¢c6 ham Iugng Cu (0,5-1,6)ppm; Pb (0,1-2)ppm va Cd (0,5ppm) lam tang
nang suat cia cai xanh, xa lach va mong toi. Ham lugng Cu trong nudc tudi vuot
1,6 ppm; Pb Ién hon 2ppm va Cd vuot quéa 0,5ppm lam giam ning suit cta ca 3
loai rau. Ham luwong Cu trong 3 loai rau duogc tudi nudc nhiém Cu tir 0,2-2,0ppm
nam trong gisi han cho phép theo TCVN. Ham lugng Pb vuot 0,5 ppm va Cd
vuot 0,1 ppm trong nude tudi da gay ra hién tugng tich Iy Pb va Cd vuot GHCP.
Ham lwong Cu va Pb trong dit s& vuot gidi han cho phép sau 1,9-15,7 nam va 5,5-
18,6 ndm néu tudi nuéc c6 ham lugng Cu va Pb tuong duong trong thi nghiém.
Ham lugng Cd trong nudc tudi tir 0,5-1,0ppm c6 thé tich lity trong dat vt GHCP
ngay tir vy dau.

Trong diéu kién thi nghiém cua luan an, cai xanh, xa lach va méng toi st
dung nude tudi tir sdng Cau Bay (thuoc HTTL Bic Hung Hai) bi 6 nhiém c6 ning
Suat va tich lity Cu, Pb, Cd cao hon trudng hop ding nudc giéng dé tudi. Tich liy
Cu trong rau (6,65-8,99 mg/kg rau khd) nam trong GHCP; Pb (0,56-0,79 mg/kg
rau kho) va Cd (0,25-0,28mg/kg rau kho) vugt GHCP theo TCVN.

Két qua nghién cau cua luan an cho thiy ham lwong Cu téi da cho phép
trong nudc tudi to 3,3-9,04ppm (cai xanh); tr 2,95-7,53ppm (xa lach) va tu
3,52-9,33ppm (mdng toi) tuong tng v4i ham luong Cu tdi da trong dat theo
TCVN la 100 mg/kg. Ham luwong Pb tdi da cho phép tir 0,04-0,65ppm (cai
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xanh) twong @ng voi ham luong Pb trong dat trong ban dau dao dong tir 17
xuéng 1 mg/kg; 0,05-0,9ppm (xa lach) twong @ng véi ham luong Pb trong dat
trong ban dau tir 7 xuéng 1 mg/kg; 0,06-0,93ppm (mdng toi) twong &ng Voi
ham lugng Pb trong dat trong ban dau dao dong tir 10 xuéng 1 mg/kg. Ham
lugng Cd tbi da cho phép tir 0,08-0,14ppm (cai xanh); 0,1-0,12ppm (xa lach) va
tir 0,05-0,18ppm (Mdng toi) twrong tng véi ham luong Cd trong dat trdng ban
dau dao dong tir 0,1 dén 1,5 mg/kg.

(3) Trong pham vi nghién cau luan an cho thay sir dung khoéang sét zeolite,
than sinh hoc va rom t lam giam ham lugng Pb, Cd dé tiéu trong dét va trong rau
cai xanh, xa lach, mong toi trong trén nén dat phi sa song Hong. Bo sung 3%
ham luong zeolite cho hiéu qua cao nhat trong diéu kién thuc hién thi nghiém,
giam ham lwong Pb va Cd dé tiéu trong dat twong (ng tir 46,7%-68% & vu dau
tién va hiéu qua giam dan khi ham luong KLN nay tich lily trong dat tang lén.
Giam tich loiy trong rau vai Pb tir 69,72-72,61% va Cd tir 59,09-60,94%. Giam
ham lugng Pb dé tiéu trong dat tir 16,61-22,87%, Cd tur 20,83-32% va Pb trong rau
tir 35,32-42,32%, Cd tir 43,75-48,61% khi b sung 5% than sinh hoc va rom 1.

5.2. KIEN NGHI

Ngudng gidi han t6i da cho phép cua Cu, Pb, Cd trong nudc tudi cho cai
xanh, xa lach, mong toi trong trén dat phi sa sdng Hong theo két qua nghién cau
cta dé tai Luan an cao hon so véi QCVN hién hanh (QCVN 08:2023/BTNMT).
Do vay, can can nhic sir dung ngudng nay dé diéu hanh cong tac cap nudc linh
hoat trong diéu kién ngudn nudc tudi bi & nhidm. Do thoi gian nghién ciu con
han ché, sb lan thi nghiém méi chi thuc hién 03 vu. Do vy dé c6 co s day du
khuyén cao ham luong t6i da cho phép cua cac kim loai ning trong nuéc tudi
can tiép tuc nghién cau thém cho céc loai dat khac nhau va ting thoi gian khao
nghiém dong ruong.
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Phu luc 1. S6 liéu lwong mwa (mm)
trong thang 10, 11 nam 2019 va 2020

Ngay Nam 2019 Nam 2020
Thang 10 Thang 11 Thang 10 Thang 11
1 0 20,1 39 0
2 0 4,0 5 0,2
3 10,2 0,7 1 0
4 37,1 0 2 0
5 0,2 0 4 0
6 0 0 0 0
7 0 0 0 0
8 9,0 0 0 0
9 17,8 0 0 0
10 01 0 0 0
11 0 0 0 0
12 0 0 0 0
13 0 2,0 0 0
14 1,2 10,3 55 0
15 0,7 0 41 7
16 55 0 44 21
17 2,6 0 0 6
18 01 33 15 0
19 0 4,0 0,6 0
20 0 0 0 0
21 0 0 0 0
22 0 0 0 0
23 0 0 0 0
24 2,8 0 0 0
25 0 0 0 0
26 0 0 0 0
27 2,0 0,0 0,9 0,5
28 12,5 0 0 0
29 0 0 13 0
30 0 0 5 0
31 0 0 2 0

Nguon: Tram khi twong Ha Dong, Ha Noi
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Phu luc 2. Két qua phan tich chit hrong nwéc trén HTTL

PL 2.1. Két qua phén tich miu nwéc vu 1 (thang 2 dén thang 4 nim 2020)

"= o ) Thong s6 chit luwgng nuwée

& E E § Coliform

S & =, by ob | 1SS DO [BODs) COD NH*INOs'| NOz |PO#| “\ ' n /[ Cu | Pb | Zn | Cd | As

o Q‘ S | mg/l |mg/l| mg/l | mg/l | mg/l {mg/l| mg/l | mg/l 100ml mg/l| mg/l | mg/l | mg/l | mg/I
QCVN 08:2015/BTNMT,B1 559 50 | >4| 15 30 09| 10 | 0,05 | 0,3 7500 [ 0500515000101

I. Khu khio nghiém HTTL Bic Hung Hai

1 | NL1 |Tuéiloa,raumau| 1 | 78 | 71 |39 | 31,7 | 444 [346|05| 005 | 05| 19.000 {05012 | 1,2 | 0,01 0,28

2 | NL2 |Tuéilta,raumau| 2 | 71| 63 |[51]|653| 762 |205|06 | 001 | 08 | 18.000 |0,7|013| 15 |0,03|0,32

3 | NL3 |Tuéilta,raumau| 3 (68| 76 |35]|672 | 73,7 15706 | 002 | 08 | 25000 |1,1| 0,1 | 14 |0,02 0,29

4 | NL4 |Tuéilla,raumau| 4 | 65| 8 |48|682| 8,1 (33104 | 002 | 11 | 12500 |08 0,1 | 1,3 |0,04|0,31

5 | NL5 |Tuéilta,raumau| 5 | 70| 62 [(42|279| 8,3 24505 | 007 | 05| 17500 |12]| 0,2 | 1,2 | 0,05]|0,33

II. Khu kho nghiém HTTL Song Nhué

6 | NL6 |Tudilta,raumaul 1 |70 | 87 [25|545| 85 [231|02 | 002 | 1,1 | 45000 |12]|016| 25 |0,04|0,21

7 | NL7 |Tuéilta,raumau| 2 (65| 73 |[22]| 506 | 80,5 |306|06 | 001 | 15| 2500 |13]|017| 2,1 |0,07|0,18

8 | NL8 |Tuéilta,raumau| 3 (68| 81 |(21]|572| 8,6 |208|08| 002 | 16 | 18.000 |0,7|016 | 18 | 0,08 |0,17

9 | NL9 |Tudilla,raumau| 4 | 66| 76 23|52 | 796 [327|05| 002 | 16 | 32.000 |08 (0,09 | 21 |0,08|0,17
10 |NL1O |Tuéilta,raumau| 5 |71 | 74 |26| 496 | 8,6 |[336|0,7| 002 | 16 | 22000 |16|004| 18 |0,08]|0,17




LST

= o Théng s chét lwong nuéc

g g E :§ Coliform

E _;3 =) g ob | TSS | DO BODs| COD |NH*|NOs| NOz [POs*| "oy [ Cu | Pb | Zn | Cd | As
2 ;E’ S & mg/l |mg/l| mg/l | mg/l | mg/l [mg/l| mg/l | mg/l 100ml mg/l| mg/l | mg/l | mg/l | mg/I

I11. Khu khao nghiém sHTTL Bic Pudng

11 |NL11|Tuéilta,raumau| 1 | 75| 8 |50 | 416 | 69,2 [236|06 | 009 | 09 | 19500 |08 | 0,2 | 14 | 0,06 | 0,2
12 INR12|Tuéilta,raumau| 2 | 7,6 | 53 |40 |524 | 701 (282|0,7| 009 | 11 | 19000 |12 0,18 | 1,2 | 0,05|0,18
13 |NN13|Tuéila,raumau| 3 | 7,7 | 79 |55|529 | 811 [374|053| 0,01 | 0,7 | 33000 [09] 02 | 15 | 0,08 |0,26
14 |IND14|Tuéilta,raumau| 4 | 75| 81 |49 |459 | 872 |206(0,38| 0,02 | 0,8 | 28.000 100,15 1,9 | 0,07 |0,22
15 |NR15|Tuéilua,raumau| 5 | 70| 85 |42 479 | 783 (215|051 | 0,07 | 1,2 | 17000 |12 0,19 | 2,2 | 0,05 0,39
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PL 2.2. Két qua phén tich miu nwéc vu 2 (thang 9 dén thang 11 nim 2020)

= o Théng s6 chit lwong nwéc
= E “g :s .
KE 2 = = 4 . ) 5. | Coliform
El & =) = | on TSS| DO |BODs| COD | NH* | NOs | NOz | PO# | “ 10 | Cu | Pb | Zn | Cd | As
2 - S = mg/l| mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l mg/l | mg/l | mg/l | mg/l | mg/I
N /100ml
QCVN 08:2015/BTNMT,B1  |559 |50 | >4 | 15 | 30 | 09 | 10 | 005 | 03 | 7500 | 05 |0,05|150|0,01| 0.1
Khu khao nghiém HTTL Bic Hung Hai
1 | NL1 g‘;":nglua Potl1 | 78 | 76 | 30 | 31,7 | 687 | 229 | 12 | 00 | 09 | 17800 | 0,8 [ 0,04 | 1,6 | 0,05 0,31
2 | NL2 zz%glua Pot2 | 75 | 69 | 22 | 853 |1062| 365 | 06 | 00 | 08 | 12000 | 06 |0,06| 1,2 | 0,04 | 0,08
3 | NL3 ?aﬁor;glua Pot3 | 72 | 73| 25 | 872 |1037| 203 | 06 | 00 | 1,2 | 29000 | 05 |0,03| 1,4 | 0,06 | 0,09
4 | NL4 ;‘l’fj":nglua Pot4 | 69 | 67 | 30 | 682|894 |341| 04 | 00 | 09 | 15000 | 0,7 |0,05| 1,1 | 0,04 | 0,04
5 | NL5 ;‘l’fj":nglua Pot5 | 70 | 72 | 31 | 447|693 | 257 | 13 | 003 | 1,1 | 21.000 | 04 [007| 1,5 | 0,06 | 0,12
Khu khio nghi¢m HTTL song Nhu¢
Tudi Iua,
6 | NL6 | o " |Potl | 70 | 78 | 24 | 364 | 412 | 243 | 284 | 123 | 08 | 56000 | 065|002 13 | 007 0,08
7 | NL7 ;‘;":nglua Pot2 | 70 | 61 | 28 | 544 | 522 | 204 | 164 | 115 | 1.1 | 32.000 | 048|0,03| 1,6 | 0,05 | 0,03




6ST

Théng s6 chit lwong nwéc

=1
«® (5]
= e R
) - = 2 Wl T T, [coliform
s & =, £ | pH TSS| DO |BODs| COD | NH* | NOy | NOz | PO |~ o " Cu | Pb | Zn | Cd | As
2 - S = mg/l| mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l mg/l | mg/l | mg/l | mg/l | mg/I
v /200ml
8 | NL8 g‘;":nglua Pot3 | 68 | 67 | 34 | 452 | 684 | 171 | 1,84 | 1,34 | 09 | 41.900 | 045(005| 1,1 | 0,07 | 01
Tudi Iua,
9 | NL9 | oo [Potd | 75 | 74| 29 | 494 | 697 | 208 | 124 | 213 | 15| 27.500 | 039|006 | 12 | 004 0,05
Tuéi Iua,
10 [NL1O| "7 |Pot5 | 70 | 70 | 31 | 396 | 726 | 195 | 094 | 098 | 08 | 27500 |039|003| 0,9 | 0,06 | 01
Khu khio nghiém HTTL Bic Pudng
Tuéi Iua,
11 [NLAL| s [Potl | 72 | 73 | 24 | 473 | 424 | 254 | 174 | 213 | 08 | 21.000 | 048|009 | 16 | 009|018
Tudi lua,
12 |NL12| . " |Pot2 | 70 | 67 | 34 | 546 | 831 | 173 | 097 | 205 | 12 | 23000 | 045|006 | 21 |008| 0,16
Tudi Iua,
13 |NL13| . |Pot3| 75 | 63 | 26 | 431|692 | 284 | 1,74 | 224 | 14| 22000 | 041|008 | 1,5 | 0080019
Tudi laa,
14 |NL14| .0 |Dot4| 69 | 66 | 22 | 37,9 | 683 | 195 | 126 | 007 |09 | 21700 | 087|003| 1.2 | 0,07 | 01
Tudi Iua,
15 |NL15| .  |Pot5| 73 | 65| 32 | 367 | 644 | 334 | 098 | 015 | 11| 28000 | 035|004| 1,6 | 0,08 012
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PL 2.3. Két qua phén tich miu nwéc vu 3 (thang 2 dén thang 4 nim 2021)

Kg g Thong s6 chit lwong nuéc

- R

Kg = 2 § 4 . . ..| Coliform

S £ 5 | S|,y | TSS | DO |BODs| COD NH* | NOs |NOz|POs&| =00 " | Cu | Pb | Zn | Cd | As

@ ;E’ S P mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/I 100ml mg/l | mg/l | mg/l| mg/l | mg/l

QCVN 08:2015/BTNMT,B1 |55-9| 50 |>=4| 15 30 { 09| 10 |0,05| 0,3 7.500 05 |005(150|0,01| 0,1
Khu khao nghiém HTTL Bic Hung Hai

1 |NL16 ;l;;(rrlnlauua, botl | 7,2 80 29 | 536 | 734 140 12 |00 | 15 21000 1,1 | 08|16 (005|031

2 | NL17 ;l;;(?ng:a’ bot2 | 71 82 2,6 | 653 | 96,7 | 265 | 06 | 0,0 | 0,8 16.000 1,7 | 06 | 1,2 |0,04|0,36

Tuo1 16

3 | NL18 ra‘:’r;;j’ Pot3| 7.3 | 63 | 25| 67,2 | 934|197 | 06 | 00| 12 | 32000 | 08 | 03 |25 |006|035

4 | NL19 ;ﬁ?ﬂgﬁ’ bot4 | 75 67 28 | 71,7 | 950 (241 | 04 |00 | 16 25.000 0,7 {02 (13/0,04]0,25

5 N20 ;ﬁ?ﬂgﬁ’ bot5| 6,9 72 | 32 | 523 | 70,6 | 31,7 | 0,64 |1,23| 0,7 28.000 1,2 |0,17| 1,5 |0,06 | 0,22
Khu khao nghiém HTTL song Nhué

6 | NL21 ;S;Orlngta’ botl | 7,0 83 2,7 | 364 | 52,1 |143/0,84|1,23| 0,8 46.000 08 (01913 /0,07]|0,24
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9= o Thong s6 chit lwong nuéc
& | E g = Coliform
=& 2 | Y TSS | DO |BODs | COD |NH* | NOx |NOz|PO&| ~Y ™ | 'cuy | Pb | zn | cd | As
3 - S PH /l /l /l /l /l /l /l /l MPN/ /l /l /l /l /l
% S mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | mg/l | 0| mg/l | mg/l | mg/l | mg/l| mg
Tudi laa,
7 o|NL22| L [Pot2| 68 | 61 | 21 5404|776 174 | 0,64|115) 07 | 32000 | 095 | 035 16 005025
Tuéi lua,
8 |NL23| .~ |Pot3| 69 | 73 | 34 3614|683 | 226 087|134 16 | 31900 | 112 |020 | 14 007|025
Tuéi lua,
9 |NL24| .7 |Potd| 73 | 74 |32 /3364|534 203 122|213| 1,7 | 27500 | 13 | 00909 009 029
Tudi laa,
10 |NL25| .~ |Det5| 71 | 72 | 28 3364|607 156|114 /213) 09 | 29000 | 09 |009|09 0,09 029
Khu khio nghi¢m HTTL Bic Puéng
Tuéi lua,
11 |NL26| .~ |Dotl| 76 | 8 | 24 | 602 |924 154|074 213 08 | 24500 | 0,78 |0,12| 1,6 |0,09 018
Tuéi lua,
12 \NL27| . 0 |Potl| 77 | 87 | 21| 549 | 836|273 154 |205| 14 | 19000 | 065 068 29 008|016
Tuéi lua,
13 |NL2g| .~ |Potl|75 180 |25 [50,7 |775 [184 |1,74 |224 /0,6 |26.000 0,71 0,08 |2,5 |0,08 0,19
Tuéi lua,
14 |NL29| .~ |Potl|70 |79 |27 1436 |683 265 1,28 (0,07 |15 |22.500 0,94 0,05 [1,2 |0,07 |0,18
Tudi 10a,
15 |NL30| . ' |Pot2 |78 |81 129 1471 |649 27,4 1091 (0,15 1,1 |19.000 0,85 (0,04 1,6 |0,08 |0,19




Phu luc 3. Vi tri cac diem lay mau rau va nwée tai khu vue nghién ciru

PL 3.1. Toa d9 vi tri cac diém lidy miu rau tai khu vue nghién ctu

C1 21°10°39,37°°N-106°2°51,00’E C5 21°10°47,33°°’N-106°2°52,77E

C2 21°10°52,13°°’N-106°2°51,26’E C6 21°10°46,61°°N-106°2°12,12’E

C3 21°10°42,87°°N-106°2°52,53’E C7 21°10°45,27°°N-106°3°03,12’E

C4 21°10°45,12°°N-106°2°53,23’E C8 21°10°46,13°°N-106°3"19,09’E

C9 21°10°45,28°°N-106°3°27,15’E

PL 3.2. Vi tri cac diém lay miu nuéc trén kénh
cua 3 HTTL tai khu vuc nghién ciru

Vi tri ldy miu nudc tai 03 hé théng thay loi: Ly khu vuc khao nghiém la
trung tdm, cach 1 km lay 0,5 - 1km lay 1 mau nudc.
1. Hé thdng thuy loi Bic Hung Hai

- Khu vire khao nghiém bé tri tai Khu thi nghiém dong ruong caa Hoc vién
ndng nghiép Viét Nam.

- Toa @0 vi tri: 21°00°00.10°” N - 105°55°53.27”’
2. Hé thong thay loi séng Nhué

- Khu vyc khao nghiém b tri tai Thén Nhué Giang, xa Hién Giang, huyén
Thuong Tin, Ha Noi

- Toa dd vi tri: 20°53°04.21>° - 105°49°09.12”’
3. Hé thong thay loi Bac Pudng

- Khu vuc khao nghiém bé tri tai Phuong Khic Xuyén, thanh phé Bac
Ninh, tinh B4c Ninh

- Toa d¢ vi tri: 21°10°42.38N - 106°02°57.05E
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Phu luc 4. Anh hwéng ciia Cu trong nuwéc twéi dén cai xanh

PL 4.1. Anh hwéng

cia Cu trong nwée twdi dén tang trudng chi€u cao cii xanh

Chieucao_Cu_cai06032023.r

setwd("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Chieu cao -So
la\\Chieu cao")

mtglocu <- Im(CC ~ factor(tgstlOcu$ND) + factor(tgstlOcu$vu), data = tgst

10cu)

mtglOcuaov <- aov(mtglecu)

summary(mtglocu)

##tlsmeans (mtglOcuaov, pairwise ~ ND)
lsdmtglOcu <- LSD.test(mtglecu, "factor(tgstlecu$ND)", alpha = 0.05, p.ad
j = "none"

lsdmtglocu

## $statistics

H#it MSerror Df Mean CV t.value LSD

## 0.2325768 316 5.17037 9.32742 1.9675 0.1826064

##

## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgstlecu$ND) 6 ©.05

#H#

## $means

it cC std r LCL UCL Min Max Q25 Q50 Q75
## O  4.646296 0.5156834 54 4.517174 4.775418 4 5.9 4,300 4.50 4.975
## 0.2 5.168519 0.6491864 54 5.039396 5.297641 4 6.4 4.525 5.30 5.600
## 0.5 5.264815 0.7364262 54 5.135693 5.393937 4 6.5 4.625 5.35 5.900
## 0.8 5.385185 0.7303159 54 5.256063 5.514307 4 6.9 5.000 5.45 6.000
## 1.6 5.248148 0.7500291 54 5.119026 5.377270 4 6.9 4.650 5.15 5.900
## 2 5.309259 0.8269673 54 5.180137 5.438381 4 6.9 4.650 5.15 6.000
## $groups

#i# CC groups

## 0.8 5.385185 a

## 2 5.309259 ab

## 0.5 5.264815 ab

## 1.6 5.248148 ab

## 0.2 5.168519 b

## 0 4.646296 C

mtgl5cu <- Im(CC ~ factor(tgstl5cu$ND) + factor(tgstl5cu$Vu), data = tgst
15cu)

mtgl5cuaov <- aov(mtgl5cu)

summary(mtgl5cu)
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#lsmeans(mtgl5cuaov, pairwise ~ ND)

lsdmtgl5cu <- LSD.test(mtgl5cu, "factor(tgstl5cu$ND)", alpha = 0.05, p.ad
j = "none"

lsdmtglS5cu

## $statistics
## MSerror Df Mean CV t.value LSD
## 0.4085869 316 6.475309 9.871468 1.9675 0.2420332
## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgstl5cu$ND) 6 ©0.05

## $means

## ccC std r LCL UCL Min Max Q25 Q50 Q75
## @ 5.709259 0.6744022 54 5.538116 5.880403 4.4 7.5 5.300 5.60 5.900
## 0.2 6.390741 0.8115367 54 6.219597 6.561884 4.7 8.0 5.800 6.50 7.000
## 0.5 6.607407 0.9484549 54 6.436264 6.778551 4.4 8.4 5.925 6.70 7.250
## 0.8 6.840741 1.2195759 54 6.669597 7.011884 4.9 9.3 5.700 6.85 7.700
## 1.6 6.633333 1.1892601 54 6.462190 6.804477 4.4 8.6 5.500 6.80 7.675
## 2 6.670370 1.1109455 54 6.499227 6.841514 4.4 8.5 5.600 6.90 7.575
## $groups

## CC groups

## 0.8 6.840741 a

## 2 6.670370 a

## 1.6 6.633333 a

## 0.5 6.607407 ab

## 0.2 6.390741 b

## @ 5.709259 C

mtg20cu <- Im(CC ~ factor(tgst20cugND) + factor(tgst20cu$vVu), data = tgst
20cu)

mtg20cuaov <- aov(mtg20cu)

summary(mtg20cu)

#tlsmeans (mtg20cuaov, pairwise ~ ND)

lsdmtg20cu <- LSD.test(mtg2@cu, "factor(tgst20cugND)", alpha = 0.05, p.ad
j = "none")

1sdmtg20cu

## $statistics
#i# MSerror Df Mean CV t.value LSD
## 1.391479 316 9.262963 12.73469 1.9675 0.4466538
## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst20cu$ND) 6 ©.05

## $means

#Ht cC std r LCL UCL Min Max Q25 Q50 Q75
## 0  8.272222 0©.7042771 54 7.956390 8.588054 6.5 9.9 7.725 8.35 8.800
## 0.2 8.664815 1.0233422 54 8.348983 8.980647 7.4 12.5 8.200 8.50 8.800
## 0.5 9.309259 1.3505091 54 8.993427 9.625091 6.5 12.5 8.500 9.00 9.800
## 0.8 10.114815 1.9280851 54 9.798983 10.430647 7.0 14.6 8.500 9.60 11.950
## 1.6 9.601852 1.8357550 54 9.286020 9.917684 6.5 14.0 8.050 9.55 10.875
## 2 9.614815 1.6974351 54 9.298983 9.930647 6.5 13.4 8.325 9.50 10.875
## CC groups

## 0.8 10.114815 a

#it 2 9.614815 b
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## 1.6 9.601852 b
## 0.5 9.309259 b
## 0.2 8.664815 c
## O 8.272222 C

mtg25cu <- 1lm(CC ~ factor(tgst25cu$ND) + factor(tgst25cu$Vu), data = tgst
25cu)

mtg25cuaov <- aov(mtg25cu)

summary(mtg25cu)

#lsmeans(mtg25cuaov, pairwise ~ ND)

lsdmtg25cu <- LSD.test(mtg25cu, "factor(tgst25cu$ND)", alpha = 0.05, p.ad
j = "none"

1sdmtg25cu

## $statistics
## MSerror Df Mean CV t.value LSD
## 3.610742 316 15.10772 12.57765 1.9675 0.7195003
## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst25cu$ND) 6 0.05

## $means

## e std r LCL UCL Min Max Q25 Q50 Q75
## 0 14.68889 1.467081 54 14.18013 15.19765 11.2 17.5 13.600 14.90 15.50
## 0.2 13.35185 2.572110 54 12.84309 13.86062 8.5 18.4 11.400 13.65 15.20
## 0.5 15.19444 2.586424 54 14.68568 15.70321 8.0 19.8 13.625 15.25 16.75
## 0.8 16.52963 3.025965 54 16.02087 17.03839 10.5 21.8 14.350 16.90 19.00
## 1.6 15.40370 3.169784 54 14.89494 15.91247 9.0 21.8 13.125 15.95 17.90
## 2 15.47778 2.167745 54 14.96901 15.98654 10.5 19.8 14.050 15.35 17.00
## $groups

#i# CC groups

## 0.8 16.52963 a

#H# 2 15.47778 b

## 1.6 15.40370 bc

## 0.5 15.19444 bc

## O 14.68889 C

## 0.2 13.35185 d

mtg30cu <- Im(CC ~ factor(tgst3@cu$ND) + factor(tgst30cug$vu), data = tgst3
ocu)

mtg30cuaov <- aov(mtg3@cu)

summary(mtg30cu)

#tlsmeans(mtg30@cuaov, pairwise ~ ND)

lsdmtg30cu <- LSD.test(mtg3@cu, "factor(tgst30cu$ND)", alpha = 0©.05, p.ad
j = "none"

1sdmtg30cu

## $statistics

#it MSerror Df Mean CV t.value LSD
## 6.312208 316 22.4321 11.20007 1.9675 0.9513129
# $parameters

#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst3@cu$ND) 6 ©.05

## $means

## cc std r LCL UCL Min Max Q25 Q50 Q75

## O 22.30926 2.063727 54 21.63658 22.98194 17.5 25.5 21.025 22.75 24.000
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## 0.2 19.30185 3.683543 54 18.62917 19.97453 9.0 26.0 17.500 19.00 21.100
## 0.5 23.01296 3.505524 54 22.34028 23.68564 16.0 29.5 20.200 23.30 26.000
## 0.8 24.30741 3.520284 54 23.63473 24.98009 15.0 29.5 22.150 25.00 26.875
## 1.6 22.84444 4.042401 54 22.17176 23.51712 12.0 28.6 20.000 24.00 25.950
## 2 22.81667 2.903462 54 22.14399 23.48935 15.0 28.6 20.850 23.50 24.900
## $groups

## CC groups

## 0.8 24.30741 a

## 0.5 23.01296 b

#i# 1.6 22.84444 b

## 2 22.81667 b

## 0  22.30926 b

## 0.2 19.30185 C

mtg35cu <-1m(CC ~ factor(tgst35cu$ND) + factor(tgst35cu$vu),data =

mtg35cuaov <- aov(mtg35cu)
summary(mtg35cu)

#tlsmeans(mtg35cuaov, pairwise ~ ND)

tgst35cu)

lsdmtg35cu <- LSD.test(mtg35cu, "factor(tgst35cu$ND)", alpha = 0.05, p.ad

j = "none"
1sdmtg35cu

## $statistics
## MSerror Df Mean CV t.value LSD
H## 6.955022 316 28.38056 9.29241 1.9675 0.998578
## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst35cu$ND) 6 0.05

# $means

#H# cc std r LCL UCL Min Max Q25

## 0 27.47037 2.022947 54 26.76427 28.17647 21 31.0 26.800 27.
## 0.2 26.33333 4.445180 54 25.62723 27.03943 15 36.7 23.200 26.
## 0.5 29.13333 3.314292 54 28.42723 29.83943 21 35.0 27.050 29.
## 0.8 30.04074 3.399418 54 29.33464 30.74684 19 35.0 28.000 31.
## 1.6 28.57593 3.959175 54 27.86982 29.28203 18 36.0 25.275 29.
#H# 2 28.72963 2.662360 54 28.02353 29.43573 23 34.0 27.200 28.
## $groups

H# CC groups

## 0.8 30.04074 a

## 0.5 29.13333 ab

## 2 28.72963 b

## 1.6 28.57593 b

#it O 27.47037 C

## 0.2 26.33333 d
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PL 4.2. Anh hwéng ciia Cu trong nuée twéi dén ting trudng sb 14 cai xanh

sola_cai.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Chieu cao -S
o la\\So 1la")

4

## Call:

## Im(formula = SL ~ factor(tgstlOcu$ND) + factor(tgstlocu$vu),
i data = tgstlecu)

4

lsmeans(mtgl@cuaov, pairwise ~ ND)

## $lsmeans

## ND lsmean SE df lower.CL upper.CL
## 0.0 4.57 0.0874 316 4.40 4.75
## 0.2 4.70 0.0874 316 4.53 4.88
## 0.5 5.07 0.0874 316 4.90 5.25
## 0.8 5.28 0.0874 316 5.11 5.45
## 1.6 5.09 0.0874 316 4.92 5.26
## 2.0 4.94 0.0874 316 4.77 5.12
##

lsdmtglOcu <- LSD.test(mtglecu, "factor(tgstlecu$ND)", alpha = 0.05, p.ad
j = "none")

lsdmtglocu

## $statistics

H#it MSerror Df Mean CV t.value LSD

## 0.4125059 316 4.944444 12.98965 1.9675 0.2431912

#H#

## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgstlOcu$ND) 6 0.05

## $means

#Ht SL std r LCL UCL Min Max Q25 Q50 Q75
## O 4.574074 0.6616689 54 4.402112 4.746036 3 6 4 5 5.00
## 0.2 4.703704 0.6624605 54 4.531742 4.875666 4 6 4 5 5.00
## 0.5 5.074074 0.6687598 54 4.902112 5.246036 4 6 5 5 5.75
## 0.8 5.277778 0.6845096 54 5.105816 5.449740 4 6 5 5 6.00
## 1.6 5.092593 0.6520944 54 4.920630 5.264555 4 6 5 5 5.75
## 2 4.944444 0.5961090 54 4.772482 5.116407 4 6 5 5 5.00
## $groups

## SL groups

## 0.8 5.277778 a

## 1.6 5.092593 ab

## 0.5 5.074074 ab

##H 2 4.,944444 bc

## 0.2 4.703704 cd

## 0 4.574074 d

mtgl5cu <- 1lm(SL ~ factor(tgstl5cu$ND) + factor(tgstlScu$Vu), data = tgstlScu)
mtgl5cuaov <- aov(mtgl5cu)
summary(mtgl5cu)
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lsdmtgl5cu <- LSD.test(mtgl5cu, "factor(tgstl5cu$ND)", alpha = 0.05, p.ad
j = "none"

lsdmtgl5cu

## $statistics

## MSerror Df Mean CV t.value LSD

#i# 0.6041764 316 5.969136 13.02178 1.9675 0.2943165

## $parameters

H## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgstl5cu$ND) 6 ©.05

## $means

## SL std r LCL UCL Min Max Q25 Q50 Q75
## 0 5.648148 0.7562920 54 5.440035 5.856261 4 7 5.00 6 6.00
## 0.2 5.777778 0.7688920 54 5.569665 5.985891 5 7 5.00 6 6.00
## 0.5 6.092593 0.8072436 54 5.884479 6.300706 5 8 5.25 6 7.00
## 0.8 6.296296 0.8606630 54 6.088183 6.504410 5 8 6.00 6 7.00
## 1.6 6.074074 0.7734230 54 5.865961 6.282187 5 8 6.00 6 6.75
## 2 5.925926 0.6964019 54 5.717813 6.134039 5 8 5.25 6 6.00
## $groups

#H# SL groups

## 0.8 6.296296 a

## 0.5 6.092593 ab

## 1.6 6.074074 ab

## 2 5.925926 bc

## 0.2 5.777778 C

## 0 5.648148 C

mtg20cu <- 1lm(SL ~ factor(tgst20cu$ND) + factor(tgst20cu$vu), data = tgst20cu)
mtg20cuaov <- aov(mtg2@cu)
summary(mtg20cu)

lsdmtg20cu <- LSD.test(mtg20cu, "factor(tgst20cu$ND)", alpha = 0.05, p.ad

j = "none"

1sdmtg20cu

## $statistics

## MSerror Df Mean CV t.value LSD

#i# 0.6059541 316 7.175926 10.84781 1.9675 0.2947492

## $parameters

H#t test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst20cu$ND) 6 ©.05

#i#

## $means

#t SL std r LCL UCL Min Max Q25 Q50 Q75
## 0 6.777778 0.7181388 54 6.569359 6.986197 5 8 6 7 7
## 0.2 6.962963 0.7514254 54 6.754544 7.171382 6 9 6 7 7
## 0.5 7.314815 0.8201259 54 7.106396 7.523234 6 9 7 7 8
## 0.8 7.481481 0.8630954 54 7.273062 7.689901 6 9 7 7 8
## 1.6 7.333333 0.8009428 54 7.124914 7.541752 6 9 7 7 8
#H# 2 7.185185 0.7542102 54 6.976766 7.393604 6 9 7 7 8
## $groups

## SL groups

## 0.8 7.4814381 a

## 1.6 7.333333 ab

## 0.5 7.314815 ab

## 2 7.185185 bc
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## 0.2 6.962963

##

0

6.

777778

cd
d

mtg25cu <- Im(SL ~ factor(tgst25cu$ND) + factor(tgst25cu$Vu), data = tgst25cu)

mtg25cuaov <- aov(mtg25cu)
summary (mtg25cu)

lsdmtg25cu <- LSD.test(mtg25cu, "factor(tgst25cu$ND)", alpha

j = "none"
1sdmtg25cu

## $statistics
## MSerror
##

## $parameters
## test
##  Fisher-LSD
## $means

## SL
## 0 7.537037
## 0.2 7.925926
## 0.5 8.370370
## 0.8 8.629630
## 1.6 8.462963
#H# 2 8.333333
## $groups

#H# SL
## 0.8 8.629630
## 1.6 8.462963
## 0.5 8.370370
## 2 8.333333
## 0.2 7.925926
## 0 7.537037

mtg30cu <- 1lm(SL ~ factor(tgst30cu$ND) +
mtg30cuaov <- aov(mtg3ecu)

Df Mean
0.6041764 316 8.209877 9.467717 1.9675 0.2943165

p.ajusted
none

std
.7193541
.6687598
.8078926
.8533242
.8175657
. 8009428

OO OO0

groups
a

ab

ab

b

d

d

CV t.value

name.t ntr alpha
6 0.05

LSD

UCL Min Max Q25 Q50 Q7

factor(tgst25cu$ND)
r LCL

54 7.328924 7.745150
54 7.717813 8.134039
54 8.162257 8.578484
54 8.421516 8.837743
54 8.254850 8.671076
54 8.125220 8.541447

6

NN N NN

9
9
11
10
10
10

00 00 00 00 N N

.00
.25
.00
.00
.00
.00

8

00 00 O 00 00

O OV O WV 00 0 U

0.05, p.ad

factor(tgst3ecugvu), data = tgst3ecu)

lsdmtg30cu <- LSD.test(mtg3@cu, "factor(tgst30cu$ND)", alpha = 0.05, p.ad

summary(mtg30cu)
j = "none")
1sdmtg30cu

## $statistics
## MSerror
##

## $parameters
## test
##  Fisher-LSD
## $means

#H# SL
## 0 8.648148
## 0.2 9.000000
## 0.5 9.388889
## 0.8 9.574074
## 1.6 9.481481
## 2 9.314815
## $groups

Df Mean
0.6044694 316 9.234568 8.419196 1.9675 0.2943879

p.ajusted
none

std
.7562920
.8467474
.8106989
.8378285
.7200823
.7222625

OO0

CV t.value

name.t ntr alpha
6 0.05

LSD

UCL Min Max Q25 Q50 Q75

factor(tgst30cu$NnD)
r LCL

54 8.439984 8.856312
54 8.791836 9.208164
54 9.180725 9.597053
54 9.365910 9.782238
54 9.273318 9.689645
54 9.106651 9.522978

8

00 00 00 00 0O

10
11
11
11
11
11

8

O O OV OV

8

O O OV VLo

9
10
10
10
10
10
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## SL groups

## 0.8 9.574074 a
## 1.6 9.481481 a
## 0.5 9.388889 a
## 2 9.314815 a
## 0.2 9.000000 b
## 0  8.648148 c

mtg35cu <- Ilm(SL ~ factor(tgst35cu$ND) + factor(tgst35cu$Vu), data = tgst35cu)
mtg35cuaov <- aov(mtg35cu)
summary (mtg35cu)

lsdmtg35cu <- LSD.test(mtg35cu, "factor(tgst35cu$ND)", alpha = 0.05, p.ad
j = "none"
1sdmtg35cu

## $statistics
## MSerror Df Mean CV t.value LSD
## 0.7072003 316 10.1821 8.259123 1.9675 0.3184227
## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst35cu$ND) 6 ©.05

## $means

#t SL std r LCL UCL Min Max Q25 Q50 Q75
## 0 9.907407 0.9764881 54 9.682249 10.13257 9 12 9 10 10.00
## 0.2 10.037037 0.9103796 54 9.811878 10.26220 9 12 9 10 10.00
## 0.5 10.351852 0.8721565 54 10.126693 10.57701 9 12 10 10 11.00
## 0.8 10.425926 0.8600538 54 10.200767 10.65108 9 12 10 10 11.00
## 1.6 10.203704 0.7366326 54 9.978545 10.42886 9 12 10 10 11.00
## 2 10.166667 0.6369147 54 9.941508 10.39183 9 12 10 10 10.75
## $groups

#H# SL groups

## 0.8 10.425926 a

## 0.5 10.351852 ab

## 1.6 10.203704 abc

## 2 10.166667 abc

## 0.2 10.037037 bc

## 0 9.907407 C
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PL 4.3. Anh huéng cia Cu trong nwée twéi dén chi sé SPAD cua cai xanh

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\SPAD")
spadcaovl <- aov(ml)

anova(spadcaovl)

## $statistics

##
##

MSer

ror D

## $parameters
test p.ajusted
none factor(spadcai_cu$ND)

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

Fisher
$means

-LSD

.F

Mean
0.8915849 154 35.25185 2.678548 1.975488 0.

spadcai_ cu$SPAD

00Ul N

0
0
0
0.
1
2
$

groups

36.
35.
35.
35.
35.
34.

04815
97037
76667
55593
05556
08444

2.
.390818
.343567
.251426
.321030
.494198

NNNMNDNMNDN

465199

std

27
27
27
27
27
27

spadcai_cu$SPAD groups
04815
97037
76667
55593
05556
08444

NP OOOO
00U N

36.
35.
35.
35.
35.
34.

a
a
ab
ab
b
d

SPAD_Cai.r

CV t.value

r
35.68917
35.61139
35.40768
35.06694
34.29657
33.28546

LCL

36.
36.
36.
35.
35.
34.

name.t

UCL
40713
32935
12565
78491
01454
00343

LSD
5076786
ntr alpha

6 0.05
Min Max
31.0 39.5
30.4 39.3
30.0 39.1
32.0 39.8
30.8 38.0
29.0 36.8

34.
33.
33.
33.
32.
31.

Q25
20
80
80
55
45
65

Q50

36.
36.
36.
35.
35.
33.

ooVl P W

Q75
37.
37.
37.
37.
36.
35.

[No R V2 B AV RN V2 i) W Vo]
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PL 4.4. Anh hwéng ciia Cu trong nwée twéi dén ning suét caa cai xanh

NS_Cai08032023.R

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Nang suat")
m2 <- lm(nscai_cu$NS ~ factor(nscai_cu$vu) + factor(nscai_cu$ND))

LSD

alpha
0.05

Max
279.
288.

305.
339.

0
4
296.3
6
3
299.8

summary (m2)

## $statistics

H#it MSerror Df Mean Cv  t.value

## 845.4656 46 212.6926 13.67085 2.012896 27.59072
##

## $parameters

H#it test p.ajusted name.t ntr
##  Fisher-LSD none factor(nscai_cu$ND) 6
## $means

i nscai cu$NS std r LCL UCL  Min
## O 200.5556 71.65960 9 181.0460 220.0651 107.3
## 0.2 204.6111 69.16944 9 185.1015 224.1207 114.4
## 0.5 219.5667 73.83297 9 200.0571 239.0762 105.2
## 0.8 241.0667 73.73600 9 221.5571 260.5762 120.8
## 1.6 210.4222 78.57410 9 190.9126 229.9318 114.4
## 2 199.9333 64.43937 9 180.4238 219.4429 114.3
## $groups

i nscai_cu$NS groups

## 0.8 241.0667 a

## 0.5 219.5667 ab

## 1.6 210.4222 b

## 0.2 204.6111 b

## O 200.5556 b

#H# 2 199.9333 b
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## $statistics

##
##
##
##
##
##
##
#t
#t
##
##
##
#t
#t
##
##
##
##
##
##
##
##

PL 4.5. Anh huéng
ciia Cu trong nudée twéi dén tich liiy trong dit trong cai xanh

Dat-Cai.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Dat\\DatRC")
# So sanh nong do Cu trong dat rau cai
klndrcu <- 1Im(KLND ~ NDKLN, data = drccu)
summary (klndrcu)

MSerror Df Mean CV t.value LSD
5.452326 52 31.60907 7.387188 2.006647 2.208796
$parameters
test p.ajusted name.t ntr alpha
Fisher-LSD none NDKLN 6 0.05
$means
KLND std r LCL UCL Min Max
(%] 23.85889 0.8545239 9 22.29703 25.42074 22.45 24.81
0.2 27.98000 0.8640457 9 26.41815 29.54185 26.47 28.84
0.5 30.43000 1.2483890 9 28.86815 31.99185 28.30 31.79
0.8 33.74667 1.9535992 9 32.18481 35.30852 31.03 36.74
1.6 36.26444 2.5967629 9 34.70259 37.82630 33.13 40.15
2 37.37444 2.1948298 9 35.81259 38.93630 34.21 40.31
$groups
KLND groups
2 37.37444 a
1.6 35.93444 a
0.8 33.74667 b
0.5 30.43000 C
0.2 27.98000 d
0 23.85889 e

Q25
23.59
27.84
29.57
32.69
34.01
35.35

Q50

23.
28.
30.
33.
35.
37.

97
15
81
87
84
43

Q75
24.45
28.65
31.47
34.92
39.01
39.45
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PL4.6. Anh hwéng ciia Cu trong nwéc twéi dén tich liy trong rau cai xanh

KLN-Rau-Cai.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Kim loai nang")
# So sanh nong do cua mot KLN trong cung mot vu va cung mot loai rau
lsdndcuvl <- LSD.test(ndcuvl, "factor(ND)", alpha = 0.05, p.adj = "none"
1sdndcuvl

## $statistics

it MSerror Df Mean Cv t.value LSD

##  0.09493333 12 9.288889 3.317001 2.178813 0.5481301

#i#

## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(ND) 6 ©.05

## $means

it KLNR std r LCL UCL Min Max 025 Q50 Q75
## 0 5.570000 0.2605763 3 5.182413 5.957587 5.32 5.84 5.435 5.55 5.695
## 0.26.343333 0.2040425 3 5.955747 6.730920 6.12 6.52 6.255 6.39 6.455
## 0.5 8.470000 0.2260531 3 8.082413 8.857587 8.22 8.66 8.375 8.53 8.595
## 0.8 9.620000 0.3551056 3 9.232413 10.007587 9.41 10.03 9.415 9.42 9.725
## 1.6 12.523333 0.3323151 312.135747 12.910920 12.14 12.73 12.420 12.70 12.715
## 2 13.206667 0.4152509 312.819080 13.594253 12.80 13.63 12.995 13.19 13.410
## $groups

#i# KLNR groups

#H# 2 13.206667 a

## 1.6 12.523333 b

## 0.8 9.620000 C

## 0.5 8.470000 d

## 0.2 6.343333 e

## 0 5.570000 f

ndcuv2 <- 1Im(KLNR ~ factor(ND), data = klncuv2)

summary (ndcuv2)

lsdndcuv2 <- LSD.test(ndcuv2, "factor(ND)", alpha = 0.05, p.adj = "none")
1sdndcuv2

## $statistics

## MSerror Df Mean CV t.value LSD
## 0.1685722 12 10.10167 4.064433 2.178813 0.730411
## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(ND) 6 0.05

KLNR std r LCL UCL Min Max Q25 Q50 Q75
5.356667 ©.2730079 3 4.840188 5.873145 5.11 5.65 5.210 5.31 5.480
6.533333 0.2706166 3 6.016855 7.049812 6.23 6.75 6.425 6.62 6.685
8.723333 0.1903506 3 8.206855 9.239812 8.54 8.92 8.625 8.71 8.815
10.560000 0.4936087 3 10.043521 11.676479 10.23 11.01 10.335 10.44 10.725
13.820000 0.4003748 3 13.303521 14.336479 13.41 14.21 13.625 13.84 14.025
15.616667 ©.7100939 3 15.100188 16.133145 15.12 16.43 15.210 15.30 15.865

## $comparison
## NULL
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##
##
##
##
##
##
##
##
##
##
##
##

$groups
KLNR groups
15.616667

.6 13.820000
10.560000
8.723333
6.533333
5.356667

.8
.5
.2

OO OO0ORrRrN
-~ D QN T o

attr(,"class")
[1] llgr‘oupll

ndcuv3 <- 1Im(KLNR ~ factor(ND), data = klncuv3)
summary (ndcuv3)

ndcuv3aov <- aov(ndcuv3)

anova(ndcuv3aov)

## Analysis of Variance Table

##

## Response: KLNR

i Df Sum Sq Mean Sq F value Pr(>F)

## factor(ND) 5 412.73 82.547 584.7 6.807e-14 ***

## Residuals 12 1.69 0.141

#H# ---

## Signif. codes: © '***' 9,001 '**' 9.01 '*' ©.05 '.' 0.1 ' ' 1
lsdndcuv3 <- LSD.test(ndcuv3, "factor(ND)", alpha = 0.05, p.adj = "none"
1lsdndcuv3

## $statistics

it MSerror Df Mean Cv  t.value LSD

#i# 0.1411778 12 11.34611 3.311587 2.178813 0.6684324

## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(ND) 6 ©.05

## $means

H#H KLNR std r LCL UCL Min Max Q25 Q50 Q75
# 0 5.110000 0.09539392 3 4.637347 5.582653 5.02 5.21 5.060 5.10 5.155
#H 0.2 7.100000 0.21931712 3 6.627347 7.572653 6.94 7.35 6.975 7.01 7.180
#H 0.5 9.493333 0.40869712 3 9.020680 9.965986 9.12 9.93 9.275 9.43 9.680
#H 0.8 12.300000 0.35510562 3 11.827347 12.772653 11.94 12.65 12.125 12.31 12.480
# 1.6 14.633333 0.37287174 3 14.160680 15.105986 14.29 15.03 14.435 14.58 14.805
#H 2 19.440000 0.59808026 3 18.967347 19.912653 19.07 20.13 19.095 19.12 19.625
## $groups

#i# KLNR groups

## 2 19.440000 a

## 1.6 14.633333 b

## 0.8 12.300000 C

## 0.5 9.493333 d

## 0.2 7.100000 e

## 0 5.110000 f
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Phu luc 5. Anh hwéng ciia Pb dén rau xa lach

PL 5.1. Anh hwéng ciia Pb dén ting truwdng chiéu cao xa lach

Pb_XL-run.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Chieu cao -S
o la\\Chieu cao\\Xa lach")

lsdmtg2ipb <- LSD.test(mtg2lpb, "factor(tgst2lpb$ND)", alpha = 0.05, p.ad
j = "none"

1sdmtg2i1pb

## $statistics
## MSerror Df Mean CV t.value LSD
## 0.3141366 316 5.796914 9.668574 1.9675 0.2122228
## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst21lpb$ND) 6 ©.05

## $means

## e std r LCL UCL Min Max Q25 Q50 Q75
## 0 5.796296 0.6521266 54 5.646232 5.946360 57.55.150 6.0 6.2
## 0.1 5.842593 0.5325630 54 5.692528 5.992657 56.7 5.425 6.0 6.3
## 0.5 5.918519 0.6547574 54 5.768454 6.068583 57.35.325 6.9 6.4
## 1 5.757407 0.6441615 54 5.607343 5.907472 57.55.075 5.8 6.0
## 2 5.801852 0.5067435 54 5.651788 5.951916 5 7.0 5.425 6.0 6.0
## 4 5.664815 0.5121753 54 5.514751 5.814879 5 7.0 5.050 5.7 6.0
## $groups

#i# CC groups

## 0.5 5.918519 a

## 0.1 5.842593 ab

#H# 2 5.801852 ab

## O 5.796296 ab

## 1 5.757407 ab

## 4  5.664815 b

mtg26pb <- 1m(CC ~ factor(tgst26pb$ND) + factor(tgst26pb$vu), data = tgst
26pb)

mtg26pbaov <- aov(mtg26pb)

summary (mtg26pb)

l1sdmtg26pb <- LSD.test(mtg26pb, "factor(tgst26pb$ND)", alpha = 0©.05, p.ad
j = "none")
1sdmtg26pb

## $statistics
#i# MSerror Df Mean CV t.value LSD
## 0.5642233 316 7.275309 10.32462 1.9675 0.2844188
## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst26pb$ND) 6 ©.05

## $means

## CC std r LCL UCL Min Max Q25 Q50 Q75
## O 7.205556 0.7658801 54 7.004441 7.406670 6 9.0 7.00 7.0 7.675
## 0.1 7.224074 0.6938912 54 7.022960 7.425189 6 8.9 6.90 7.0 7.700
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## 0.5 7.437037 0.9590279 54 7.235923 7.638151 6 9.7 7.00 7.3 7.900
## 1 7.316667 0.8215838 54 7.115552 7.517781 6 9.2 6.85 7.4 7.700
## 2 7.114815 0.6591611 54 6.913700 7.315929 6 8.9 6.80 7.2 7.650
## 4 7.353704 0.7733078 54 7.152589 7.554818 6 9.5 7.00 7.3 7.800
## $groups

## CC groups

## 0.5 7.437037 a

## 4 7.353704 ab

## 1 7.316667 ab

## 0.1 7.224074 ab

## @  7.205556 ab

## 2 7.114815 b

mtg31lpb <- 1m(CC ~ factor(tgst31pb$ND) + factor(tgst3ipb$Vu), data = tgst
31pb)

mtg3lpbaov <- aov(mtg3lpb)

summary(mtg31pb)

lsdmtg31pb <- LSD.test(mtg3lpb, "factor(tgst31lpb$ND)", alpha = 0.05, p.ad
j = "none"
1sdmtg31pb

## $statistics
## MSerror Df Mean CV t.value LSD
H## 1.652982 316 9.919753 12.96084 1.9675 0.4868181
## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst31lpb$ND) 6 ©.05

## $means

Hit cC std r LCL UCL Min Max Q25 Q50 Q75
## 0 9.457407 1.026553 54 9.113175 9.80164 8 12.7 9 9.40 10.000
## 0.1 9.809259 1.241616 54 9.465027 10.15349 8 13.4 9 9.75 10.500
## 0.5 10.272222 1.780335 54 9.927990 10.61645 8 15.2 9 9.70 11.300
## 1 10.124074 2.014470 54 9.779842 10.46831 7 15.6 9 9.65 10.475
## 2 10.031481 1.461044 54 9.687249 10.37571 8 13.7 9 9.60 11.000
## 4 9.824074 1.303397 54 9.479842 10.16831 8 14.2 9 9.45 10.100
## $groups

## CC groups

## 0.5 10.272222 a

##H 1 10.124074 a

## 2 10.031481 a

## 4 9.824074 ab

## 0.1 9.809259 ab

## 0 9.457407 b

mtg36pb <- 1m(CC ~ factor(tgst36pb$ND) + factor(tgst36pb$vu), data = tgst36pb)
mtg36pbaov <- aov(mtg36pb)
summary (mtg36pb)

l1sdmtg36pb <- LSD.test(mtg36pb, "factor(tgst36pb$ND)", alpha = 0.05, p.ad
j = "none"
1sdmtg36pb

## $statistics
#it MSerror Df Mean CV t.value LSD
#H# 2.662873 316 14.32994 11.38757 1.9675 0.6178855
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## $parameters

p.ajusted name.t
none factor(tgst36pb$ND)

std r LCL UcL
.275354 54 13.50013 14.37395
.611768 54 15.49827 16.37210
.691228 54 14.80753 15.68136
.418853 54 13.47976 14.35358
.952236 54 13.41309 14.28691
.666084 54 12.65939 13.53321

RPRNRRR

groups

Nn N n ocow

d

ntr
6

Min
12
12
11
10
10
10

alpha
0.05

Max Q25 Q50
17.0 13.000 14.
19.5 15.000 16.
17.9 14.300 15.
19.5 12.000 13.
17.4 12.325 13.
17.4 12.000 13.

A PpPuUutoOwUV
OO0 R PO

15.
17.
16.
16.
15.
13.

Q75
000
375
700
000
600
900

Im(CC ~ factor(tgst41pb$ND) + factor(tgstdlpb$vVu), data = tgstdipb)
mtg4lpbaov <- aov(mtg4lpb)

lsdmtgdlpb <- LSD.test(mtgd4lpb, "factor(tgst4lpb$ND)", alpha = 0.05, p.ad

Df Mean

CV t.value

LSD

4.607374 316 19.7929 10.84469 1.9675 0.8127547

p.ajusted
none factor(tgst41lpb$ND)

std r LCL UCL
3.107667 54 18.75493 19.90433
1.688196 54 20.16604 21.31545
2.069310 54 18.99752 20.14693
2.107575 54 18.92900 20.07841
1.869256 54 19.61974 20.76915
1.981399 54 18.84196 19.99137

groups
a

ab

bc

bc

bc

C

6

Min

1.
17.
15.
15.
16.
15.

OCUVOoOPOO®

name.t ntr alpha

9.05
Max Q25 Q50
24.0 18.000 19.0
25.0 20.000 21.0
24.7 17.725 19.5
24.7 18.200 19.5
24.0 18.925 20.0
24.9 18.775 19.5

21.
21.
.200
.000
21.
20.

21
21

Q75
000
500

450
625

Im(CC ~ factor(tgst46pb$ND) + factor(tgstdaepb$Vu), data = tgstaepb)
mtg46pbaov <- aov(mtg4épb)

lsdmtgd6pb <- LSD.test(mtgdépb, "factor(tgst46pb$ND)", alpha = 0.05, p.ad

## test
##  Fisher-LSD
## $means

## CC
## O 13.93704
## 0.1 15.93519
## 0.5 15.24444
## 1 13.91667
## 2 13.85000
## 4 13.09630
## $groups

## CC
## 0.1 15.93519
## 0.5 15.24444
## O 13.93704
##H 1 13.91667
## 2 13.85000
#H# 4 13.09630
mtgdlpb <-
summary (mtgdlpb)
j = "none"
1sdmtgdlpb

## $statistics
#i# MSerror
#H#

## $parameters
## test
##  Fisher-LSD
## $means

## CC
#H# 0 19.32963
## 0.1 20.74074
## 0.5 19.57222
# 1 19.50370
#H 2 20.19444
#H#H 4 19.41667
## $groups

#H# CC
## 0.1 20.74074
## 2 20.19444
## 0.5 19.57222
## 1 19.50370
## 4 19.41667
##H 0 19.32963
mtgdépb <-
summary (mtg46pb)
j = "none"
1sdmtg46pb
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## $statistics
MSerror

##
##

## $parameters

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

test

Fisher-LSD

$means

ccC

.68148
.08333
.81667
.84259
.56667
.23333

.08333
.56667
.81667
.68148
.84259
.23333

Df
3.710294 316

p.ajusted

Mean
22.43735 8.584849 1.9675 0.

CV t.value

name.t

none factor(tgst46pb$ND)

std
.732930
.999222
.226576
.927908
.132852
.996128

PNRNR PR

groups

r
54
54
54
54
54
54

22

LCL

.16575
22.
22.
22.
21.
20.

56760
30094
32686
45094
71760

23.
23.
23.
23.
22.
21.

UCL
19721
59906
33240
35832
48240
74906

LSD
7293516
ntr alpha

6 0.05
Min Max
20.0 26.90
14.0 27.0
18.2 28.0
18.9 27.0
17.0 25.6
17.0 26.0

Q25

21.
22.
21.
21.
20.
20.

OwWwuIo o R

23.
23.
23.
22.
22.
21.

o uUvIo U e

24.
24.
24.
24.
23.
22.

Q75
000
000
600
375
375
575
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PL 5.2. Anh hwéng cia Pb dén ting trudng sé 14 xa lach

Pb-La-XL_run11032023.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Chieu cao -S
o la\\So la\\Xalach")

mtg2lpb <- 1lm(SL ~ factor(tgst21lpb$ND) + factor(tgst2lpb$Vu), data = tgst
21pb)

mtg2lpbaov <- aov(mtg2ipb)

summary (mtg21pb)

lsdmtg21pb <- LSD.test(mtg2lpb, "factor(tgst2ipb$ND)", alpha = ©.05, p.ad
j = "none"
1sdmtg2i1pb

## $statistics
## MSerror Df Mean CV t.value LSD
## 0.3442725 316 3.743827 15.6724 1.9675 0.2221692
## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst2lpb$ND) 6 ©.05

## $means

# SL std r LCL UCL Min Max Q25 Q50 Q75
## O 3.722222 0.5961090 54 3.565125 3.879320 3 5 3 4 4
## 0.1 3.740741 0.5887366 54 3.583643 3.897838 3 5 3 4 4
## 0.5 3.796296 0.5949355 54 3.639199 3.953394 3 5 3 4 4
## 1 3.796296 0.5949355 54 3.639199 3.953394 3 5 3 4 4
## 2 3.722222 0.5290314 54 3.565125 3.879320 3 5 3 4 4
## 4 3.685185 0.6088676 54 3.528088 3.842283 3 5 3 4 4
## $groups

## SL groups

## 0.5 3.796296 a

##H 1 3.796296 a

## 0.1 3.740741 a

## 0 3.722222 a

## 2 3.722222 a

## 4 3.685185 a

mtg26pb <- 1lm(SL ~ factor(tgst26pb$ND) + factor(tgst26pb$vu), data = tgst26pb)
mtg26pbaov <- aov(mtg26pb)
summary (mtg26pb)

lsdmtg26pb <- LSD.test(mtg26pb, "factor(tgst26pb$ND)", alpha = 0.05, p.ad
j = "none")
1sdmtg26pb

## $statistics
#i# MSerror Df Mean CV t.value LSD
## 0.3434716 316 4.740741 12.3623 1.9675 0.2219107
## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst26pb$ND) 6 ©0.05

## $means

it SL std r LCL UCL Min Max Q25 Q50 Q75

## 0 4.666667 0.5139562 54 4.509752 4.823581 4 6 4.00 5 5
## 0.1 4.759259 0.5806693 54 4.602345 4.916174 4 6 4.00 5 5
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## 0.5 4.944444 0.6845096 54 4.787530 5.101359 4 6 4.25 5 5
## 1  4.814815 0.5851648 54 4.657900 4.971729 4 6 4.00 5 5
## 2 4.611111 ©.5290314 54 4.454197 4.768026 4 6 4.00 5 5
## 4 4.648148 0.6191110 54 4.491234 4.805063 4 6 4.00 5 5
## $groups

## SL groups

## 0.5 4.944444 a

## 1 4.814815 ab

## 0.1 4.759259 ab

##t 0 4.666667 b

##t 4  4.648148 b

## 2 4.611111 b

mtg31lpb <- 1lm(SL ~ factor(tgst31pb$ND) + factor(tgst3lpb$vu), data = tgst3ipb)
mtg3lpbaov <- aov(mtg3lpb)
summary(mtg31pb)

lsdmtg31pb <- LSD.test(mtg3lpb, "factor(tgst31lpb$ND)", alpha = 0.05, p.ad
j = "none"
1sdmtg31pb

## $statistics
## MSerror Df Mean CV t.value LSD
## 0.2857282 316 5.623457 9.505462 1.9675 0.2023995
## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst3ilpb$ND) 6 ©0.05

## $means

it SL std r LCL UCL Min Max Q25 Q50 Q75
## 0 5.666667 ©.5139562 54 5.523549 5.809785 5 7 56.0 6
## 0.1 5.685185 0.5074566 54 5.542067 5.828303 5 7 56.0 6
## 0.5 5.629630 0.5595246 54 5.486512 5.772748 5 7 56.0 6
## 1 5.611111 0©.5635690 54 5.467993 5.754229 4 7 56.0 6
##H 2 5.648148 0.5878457 54 5.505030 5.791266 4 7 56.0 6
## 4 5.500000 0.5046949 54 5.356882 5.643118 5 6 55.5 6
## $groups

#H# SL groups

## 0.1 5.685185 a

## 0 5.666667 a

## 2 5.648148 a

## 0.5 5.629630 a

##H 1 5.611111 a

## 4 5.500000 a

mtg36pb <- 1lm(SL ~ factor(tgst36pb$ND) + factor(tgst36pb$Vu), data = tgst36pb)
mtg36pbaov <- aov(mtg36pb)
summary (mtg36pb)

lsdmtg36pb <- LSD.test(mtg36pb, "factor(tgst36pb$ND)", alpha = 0©.05, p.ad
j - llnonell
1sdmtg36pb

## $statistics

H#t MSerror Df Mean CV t.value LSD
##  0.4685107 316 6.515432 10.5055 1.9675 0.2591746
## $parameters

#it test p.ajusted name.t ntr alpha
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##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

Fisher-LSD
$means
SL
(%} 6.629630
0.1 6.574074
0.5 6.518519
1 6.407407
2 6.518519
4 6.444444
$groups
SL
6.629630
6.574074
6.518519
6.518519
6.444444
1 6.407407

none

std

.6528976
.6325108

0
0
Q.
0
0
0

7707076

.6300200
.8630954
.6039701

groups

[V <D I DI« DR <D I o)

factor(tgst36pb$ND)

r
54
54
54
54
54
54

[e) W) We) o) W o) W e)]

LCL

.446365
.390810
.335254
.224143
.335254
.261180

[e) W) We) ) W e) o))

UCL Min Max Q2

.812894
.757338
.701783
.590672
.701783
.627709

6 0.05

5

(SRR VRNV, RV, )]

8

00 O 00 00 00

[e)INe)INe)RNe) M) e ) IV,
Ao O OO NO
QUIOOUIOO®

5

mtgdlpb <- 1lm(SL ~ factor(tgst41pb$ND) + factor(tgstd4lpb$vu), data

mtg4lpbaov <- aov(mtg4lpb)

summary (mtgdipb)
lsdmtgdlpb <- LSD.test(mtgdlpb,
j = "none"

1sdmtgdlpb

## $statistics

H#it MSerror Df Mean
## 0.587416 316

## $parameters

## test p.ajusted
##  Fisher-LSD none
## $means

#H# SL std
## 0 8.092593 0.7835218
## 0.1 8.500000 0.6936368
## 0.5 8.333333 0.7770287
## 1 8.314815 0.7727450
#H# 2 8.296296 0.9240932
## 4 8.166667 0.7709343
## $groups

## SL groups

## 0.1 8.500000 a

## 0.5 8.333333 ab

## 1 8.314815 ab

#H# 2 8.296296 ab

## 4 8.166667 b

## O 8.092593 b

NN NNNNUv

= tgst4lpb)

"factor(tgst41lpb$ND)", alpha = 0.05, p.ad

CV t.value
8.283951 9.251995 1.9675 0.2902055

name.t ntr alpha
6 0.05

UCL Min Max Q25 Q5

factor(tgst41pb$NnD)
r LCL

54 7.887386 8.297799
54 8.294794 8.705206
54 8.128127 8.538540
54 8.109609 8.520021
54 8.091090 8.501503
54 7.961460 8.371873

7

N O N NN

LSD

10
11
10
11
10

9

8

00 00 00 00 OO

mtgdépb <- 1lm(SL ~ factor(tgst46pb$ND) + factor(tgstde6pb$vu), data

mtg46pbaov <- aov(mtg4épb)
summary (mtg4eépb)

lsdmtg46pb <- LSD.test(mtg46pb,

J:

"none"

1sdmtgd6pb
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## $statistics

##
##

MSerror

## $parameters

test p.ajusted
Fisher-LSD

$means

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

(%}
(%}
(%}
1
2
4
$

1
0.1
0.5
2
(%}
4

SL
9.985185
10.074074
10.074074
10.111111
10.049259
9.314815

groups

SL
10.111111
10.074074
10.074074
10.049259
9.985185

9.314815

Df Mean
0.8540006 316 9.83642 9.394897 1.9675 0.3499144

CV t.value

LSD

name.t ntr alpha
6 0.05

none factor(tgst46pb$ND)

std
.8649152
.7974453
.1302338
.1102722
.1481763
.7967878

OrRrRFRPRRFRPOO

groups
a

ab

ab

ab

ab

b

r
54
54
54
54
54
54

[(o J\o Vo Vo Vo Vo]

LCL

.437758
.826647
.826647
.863684
.511832
.067388

UCL Min Max Q25 Q50

.932612
10.
10.
10.
10.
.562242

321501
321501
358538
006686

8

00 00 J 00 00

12
12
12
13
12
11

9
1

[(o Vo RRNo BRVe T W3]

10
10
10
10
10

9

10.
11.
11.
11.
1e.
10.

Q75
00
00
00
00
75
00
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PL 5.3. Anh hwéng ciia Pb dén chi sé SPAD cua xa lach

SPAD Xa-lach.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\SPAD")
m3 <- lm(spadxl_pb$SPAD ~ factor(spadxl_pb$vu) + factor(spadxl_pb$ND))
summary(m3)

out3 <- LSD.test(m3, "factor(spadxl pb$ND)", alpha = ©.05, p.adj = "none"
out3

## $statistics
## MSerror Df Mean Cv t.value LSD
## 1.365978 154 31.68395 3.688778 1.975488 0.6283902
## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(spadxl_pb$ND) 6 ©.05

## $means

## spadx1l_pb$SPAD std r LCL UCL Min Max Q25 Q50 Q75
## O 32.34815 2.999535 27 31.90381 32.79249 27.0 36.9 29.25 33.2 34.65
## 0.1 32.21111 2.905741 27 31.76677 32.65545 27.0 36.9 29.70 32.6 34.15
## 0.5 31.99630 3.065626 27 31.55196 32.44064 27.0 36.4 28.80 33.0 34.50
## 1 31.60000 2.759738 27 31.15566 32.04434 26.4 36.9 29.45 32.3 33.15
## 2 31.20000 2.992940 27 30.75566 31.64434 25.3 36.9 29.15 31.8 33.65
## 4 30.74815 3.222442 27 30.30381 31.19249 25.0 35.2 28.35 31.3 33.50
## $groups

i spadxl pb$SPAD groups

## O 32.34815 a

## 0.1 32.21111 ab

## 0.5 31.99630 ab

#H# 1 31.60000 bc

## 2 31.20000 cd

## 4 30.74815 d

184



PL 5.4. Anh hwéng cia Pb dén ning suét caa xa lach

NS_Xalach10032023.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Nang suat")

m3 <- lm(nsx1l_pb$NS ~ factor(nsxl_pb$Vu) + factor(nsxl_pb$ND))

summary(m3)

out3 <- LSD.test(m3, "factor(nsxl_pb$ND)", alpha = 0.05, p.adj

out3

## $statistics
## MSerror Df Mean CvV t.value LSD
## 272.9091 46 154.5204 10.69112 2.012896 15.67559
## $parameters

H#it test p.ajusted name.t ntr alpha
##  Fisher-LSD none factor(nsxl_pb$ND) 6 ©0.05
## $means

## nsx1l_pb$NS std r LCL UCL Min  Max
## 0 155.6111 64.28267 9 144.5268 166.6954 101.8 250.3
## 0.1 159.0444 64.77434 9 147.9601 170.1288 103.2 263.3
## 0.5 161.7444 64.39915 9 150.6601 172.8288 109.3 261.2
#H# 1 158.5778 74.74630 9 147.4935 169.6621 94.4 272.5
#H# 2 157.06733 78.51017 9 152.6490 174.8177 94.8 291.0
## 4 128.4111 53.33363 9 117.3268 139.4954 86.0 219.0
## $groups

i nsxl pb$NS groups

## 2 157.0733 a

## 0.5 161.7444 a

## 0.1 159.0444 a

## 1 158.5778 a

## O 155.6111 a

## 4 128.4111 b

Q25

115.
111.
112.
107.
100.

90.

= ® 00 00 Ul O

= "nOI’]e"

Q50

121.1
128.5
120.4
114.3
138.0
102.3

Q75
226.
229.
235.
245,
225.
185.

OCeOePUIERL O
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PL 5.5. Anh hwéng cia Pb dén tich liy trong dit trong xa lach

Dat-Xa-lach.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Dat\\DatRXL")
# So sanh nong do Pb trong dat rau xa lach

KLNDpb <- 1m(KLND ~ NDKLN, data = drxlpb)

summary (KLNDpb)

1sdKLNDpb <- LSD.test(KLNDpb, "NDKLN", alpha = ©.05, p.adj = "none"
1sdKLNDpb

## $statistics

## MSerror Df Mean Cv t.value LSD

#i# 0.9373686 52 4.116111 23.52167 2.006647 0.9158406

## $parameters

H#it test p.ajusted name.t ntr alpha

#H# Fisher-LSD none NDKLN 6 0.05

## $means

#t KLND std r LCL UCL Min Max Q25 Q50 Q75
## 0 1.770000 0.2031625 9 1.122403 2.417597 1.45 2.11 1.61 1.83 1.85
## 0.1 2.884444 0.3308365 9 2.206847 3.502042 2.16 3.23 2.71 3.01 3.05
## 0.5 3.686667 0.6862580 9 3.209070 4.504264 3.02 4.99 3.41 3.57 4.54
## 1 4.923333 0.5949790 9 4.275736 5.570930 4.00 5.79 4.75 4.89 5.21
##H 2 5.446667 0.6370832 9 4.799070 6.094264 4.59 6.47 5.12 5.23 6.00
## 4 5.845556 0.6978379 9 5.197958 6.493153 4.75 6.74 5.12 6.10 6.31
## $groups

#i# KLND groups

## 4 5.845556 a

##H 2 5.446667 ab

## 1 4.923333 b

## 0.5 3.686667 C

## 0.1 2.884444 d

## 0 1.770000 e
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klnrpb <- 1m(KLNR ~ NDKLN, data

PL 5.6. Anh hwéng ciia Pb dén tich liiy trong rau xa lich

summary (klnrpb)

Rau-Xa-lach.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Rau\\RauXL")
# So sanh nong do Pb trong rau xa lach
= rxlpb)

1sdklnrpb <- LSD.test(klnrpb, "NDKLN", alpha = 0.05, p.adj
1sdklnrpb

## $statistics
MSerror Df

##
##

##
##
##
#t
##
##
H#it
H#it
##
##
##
##
##
##
##
##
##
##

0
0
0
1
2
4
$

.1
.5

KLNR

.1300000 0.

2188889 0.
3644444 o.

.6466667 0.
.1755556 0.
.8066667 0.
groups

Mean

CV t.value
0.02864208 52 0©.7237037 23.38522 2.006647 0.160091
## $parameters
test p.ajusted name.t ntr alpha
Fisher-LSD
$means

none NDKLN 6 0.05

std r LCL UCL
01414214 9 0.01679857 0.2432014
02934469 9 0.10568745 0.3320903
09475114 9 0.25124301 0.4776459
10583005 9 0.53346523 0.7598681
12053123 9 1.06235412 1.2887570
33922706 9 1.69346523 1.9198681

KLNR groups
.8066667
.1755556
.6466667
.3644444
.2188889
.1300000

a
b
e
d

de
e

LSD

Min
0.11
0.19
0.27
0.51
1.00
1.35

Max
0.15
0.26
0.49
0.82
1.35
2.34

PRPOOOO

"none"
Q25 Q50 Q75
.12 0.13 0.14
.20 0.21 0.25
.28 0.33 0.48
.56 0.65 0.70
.13 1.15 1.24
.54 1.82 1.93
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Phu luc 6. Anh hwéng cia Cd dén rau mong toi

PL 6.1. Anh hwéng ciia Cd dén ting truwéng sé 1a rau mong toi

So-la-MT_Cd-run.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Chieu cao -S
o la\\So la\\Mong toi")

mtg20cd <- 1lm(SL ~ factor(tgst20cd$ND) + factor(tgst20cd$Vu), data = tgst20cd)
mtg20cdaov <- aov(mtg20cd)

summary(mtg20cd)

lsdmtg20cd <- LSD.test(mtg20cd, "factor(tgst20cd$ND)", alpha = 0.05, p.ad
j = "none"
lsdmtg20cd

## $statistics
## MSerror Df Mean CV t.value LSD
## 0.2614666 316 2.506173 20.40315 1.9675 0.1936158
## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst20cd$ND) 6 ©.05

## $means

Hit SL std r LCL UCL Min Max Q25 Q50 Q75
#it 0 2.500000 0.5046949 54 2.363093 2.636997 2 3 2 2.5 3
## 0.01 2.500000 0.5046949 54 2.363093 2.636907 2 3 2 2.5 3
## 0.05 2.481481 0.5043487 54 2.344574 2.618389 2 3 22.0 3
## 0.1 2.574074 0.5355953 54 2.437167 2.710981 2 4 2 3.0 3
## 0.5 2.481481 0.5043487 54 2.344574 2.618389 2 3 2 2.0 3
#it 1 2.500000 0.5046949 54 2.363093 2.636997 2 3 2 2.5 3
## $groups

## SL groups

## 0.1 2.574074 a

## 0 2.500000 a

## 0.01 2.500000 a

#i 1 2.500000 a

## 0.05 2.481481 a

## 0.5 2.481481 a

mtg25cd <- 1lm(SL ~ factor(tgst25cd$ND) + factor(tgst25cd$Vu), data = tgst25cd)
mtg25cdaov <- aov(mtg25cd)
summary(mtg25cd)

lsdmtg25cd <- LSD.test(mtg25cd, "factor(tgst25cd$ND)", alpha = 0.05, p.ad
j - llnonell
1sdmtg25cd

## $statistics
## MSerror Df Mean CV t.value LSD
#H# 0.4983396 316 4.478395 15.76305 1.9675 0.2672978
## $parameters

#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst25cd$ND) 6 ©0.05

## $means

#Ht SL std r LCL UCL Min Max Q25 Q50 Q75
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## 0 4.481481 0.6366404 54 4.292473 4.670490 3 6 44.0 5
## 0.01 4.370370 0.7083410 54 4.181362 4.559378 3 5 44,5 5
## 0.05 4.462963 0.6648298 54 4.273955 4.651971 3 6 4 5.0 5
## 0.1 4.555556 0.8614745 54 4.366547 4.744564 3 7 4 5.0 5
## 0.5 4.481481 0.6656176 54 4.292473 4.670490 3 6 4 4.5 5
## 1 4.518519 0.6656176 54 4.329510 4.707527 3 6 45.0 5
## $groups

#H# SL groups

## 0.1 4.555556 a

## 1 4.518519 a

## 0 4.481481 a

## 0.5 4.481481 a

## 0.05 4.462963 a

## 0.01 4.370370 a

mtg30cd <- 1lm(SL ~ factor(tgst30cd$ND) + factor(tgst30cd$Vu), data = tgst3ecd)
mtg30cdaov <- aov(mtg3ecd)
summary(mtg30cd)

lsdmtg30cd <- LSD.test(mtg3@cd, "factor(tgst3ecd$ND)", alpha = 0.05, p.ad
j = "none"
1sdmtg3ecd

## $statistics
## MSerror Df Mean CV t.value LSD
H## 1.041589 316 6.734568 15.15439 1.9675 0.3864389
## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst30cd$ND) 6 0.05

## $means

it SL std r LCL UCL Min Max Q25 Q50 Q75
## O 6.685185 0.8428181 54 6.411932 6.958439 5 8 6 7 7.00
## 0.01 6.592593 0.9618873 54 6.319339 6.865846 5 9 6 7 7.00
## 0.05 6.722222 0.9598873 54 6.448969 6.995476 5 9 6 7 7.00
## 0.1 6.796296 1.1390103 54 6.523043 7.069550 5 9 6 7 8.00
## 0.5 6.925926 1.1951451 54 6.652672 7.199179 5 10 6 7 7.75
## 1 6.685185 0.9871643 54 6.411932 6.958439 5 9 6 7 7.00
## $groups

## SL groups

## 0.5 6.925926 a

## 0.1 6.796296 a

## 0.05 6.722222 a

## 0 6.685185 a

## 1 6.685185 a

## 0.01 6.592593 a

mtg35cd <- 1lm(SL ~ factor(tgst35cd$ND) + factor(tgst35cd$Vu), data = tgst35cd)
mtg35cdaov <- aov(mtg35cd)
summary(mtg35cd)

lsdmtg35cd <- LSD.test(mtg35cd, "factor(tgst35cd$ND)", alpha = 0.05, p.ad
j = "none"
1sdmtg35cd

## $statistics
#it MSerror Df Mean CV t.value LSD
#it 1.048465 316 8.907407 11.49544 1.9675 0.3877124
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## $parameters

H## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst35cd$ND) 6 ©.05

## $means

## SL std r LCL UCL Min Max Q25 Q50 Q75
## O 8.425926 0.8378285 54 8.151772 8.700080 7 10 8 8 9
## 0.01 8.518519 1.0231424 54 8.244364 8.792673 7 11 8 8 9
## 0.05 9.481481 0.9263591 54 9.207327 9.755636 8 11 9 9 10
## 0.1 9.037037 1.0454387 54 8.762883 9.311191 7 11 8 9 10
## 0.5 9.129630 1.0469416 54 8.855476 9.403784 8 11 8 9 10
## 1 8.851852 1.2194556 54 8.577698 9.126006 7 12 8 9 10
## $groups

#H# SL groups

## 0.05 9.481481 a

## 0.5 9.129630 ab

## 0.1 9.037037 b

##H 1 8.851852 bc

## 0.01 8.518519 cd

## 0 8.425926 d

mtgdlcd <- 1lm(SL ~ factor(tgst40cd$ND) + factor(tgstd4@cd$Vu), data = tgstdocd)
mtg40cdaov <- aov(mtgd4ocd)
summary (mtgdocd)

lsdmtg40cd <- LSD.test(mtgd4ecd, "factor(tgst40cd$ND)", alpha = 9.05, p.ad
j = "none"

1sdmtgdecd

## $statistics

## MSerror Df Mean CV t.value LSD

#i# 2.256134 316 11.39506 13.18153 1.9675 0.5687418
## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst40cd$ND) 6 0.05

## $means

it SL std r LCL UCL Min Max Q25 Q50 Q75
## O 11.46296 1.574717 54 11.06080 11.86512 9 15 10 12 12
## 0.01 10.90741 1.495509 54 10.50525 11.30957 9 13 10 10 12
## 0.05 11.31481 1.371187 54 10.91265 11.71698 9 15 11 11 12
## 0.1 11.55556 1.268883 54 11.15339 11.95772 9 13 10 12 12
## 0.5 11.88889 1.700906 54 11.48673 12.29105 9 15 10 12 13
## 1 11.24074 1.577378 54 10.83858 11.64290 9 15 10 11 13
## $groups

## SL groups

## 0.05 11.31481 bc

## 0.1 11.55556 ab

## 0 11.46296 abc

## 0.5 11.88889 a

## 1 11.24074 bc

## 0.01 10.90741 C

mtgd5cd <- 1lm(SL ~ factor(tgst45cd$ND) + factor(tgstda5cd$Vu), data = tgstds5cd)
mtg45cdaov <- aov(mtg45cd)
summary(mtga5cd)

lsdmtg45cd <- LSD.test(mtg45cd, "factor(tgst45cd$ND)", alpha = 0.05, p.ad
j = "none"
1sdmtg45cd
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## $statistics

##
##

MSerror
2.585189 316 14.70679 10.93272 1.9675 0.608806

## $parameters
test p.ajusted
Fisher-LSD
$means

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

PR OO0

.01 14.
.05 14.
.1 15.
.5 15.

14.
groups

.05 14
.1 15
14

SL
.74074
37037
55556
01852
16667
38889

SL
.55556
.01852
.74074

.5 15.16667

14
.01 14

.38889
.37037

Df

Mean

none

std
.376147
.617082
.382733
.721021
.501572
.956283

RPRRRRR

groups
bc

ab

abc

a

d

d

CV t.value

name.t ntr alpha
6 0.05

factor(tgst45cd$ND)

r
54
54
54
54
54
54

14.
13.
14.
14.
14.
13.

LCL
31025
93988
12506
58803
73618
95840

15.
14.
14.
15.
15.
14.

LSD

UCL Min Max Q25 Q50

17123
80086
98605
44901
59716
81938

13
11
12
11
13
12

17
16
17
18
18
17

13
13
14
14
14
13

15
15
14
15
15
14

16.
16.
15.
16.
16.
17.

Q75
00
00
75
00
00
00
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PL 6.2. Anh huéng cia Cd dén ting trudng chiéu cao rau mong toi

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Chieu cao -S
o la\\Chieu cao")

cemt <- read_excel("Chieucao_mongtoi.x1lsx")

attach(cemt)

m <- Im(ccmt$CC ~ ccmt$KLN + factor(ccmt$Vu) + ccmt$KLN/factor(ccmt$ND)+
ccmt$TGST)

summary (m)

mtg20cd <- 1m(CC ~ factor(tgst20cd$ND) + factor(tgst20cd$Vu), data = tgst

20cd)

mtg20cdaov <- aov(mtg20cd)

summary(mtg20cd)

lsdmtg20cd <- LSD.test(mtg20cd, "factor(tgst20cd$ND)", alpha = ©.05, p.ad
j = "none"

1sdmtg20cd

## $statistics

H#it MSerror Df Mean CV t.value LSD

#i# 0.2509556 316 4.553395 11.00178 1.9675 0.1896842

##

## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst20cd$ND) 6 ©.05

#H#

## $means

#it cc std r LCL UCL Min Max Q25 Q50 Q75
## O 4.437037 0.5260376 54 4.302910 4.571164 3.4 5.6 4.125 4.5 4.7
## 0.01 4.442593 0.5325630 54 4.308466 4.576720 3.4 5.6 4.125 4.5 4.7
## 0.05 4.444444 0.4897696 54 4.310317 4.578571 3.4 5.3 4.200 4.5 4.7
## 0.1 4.561111 0.4969403 54 4.426984 4.695238 3.4 5.6 4.300 4.6 5.0
## 0.5 4.674074 0.5512200 54 4.539947 4.808201 3.4 6.0 4.500 4.6 5.0
##H 1 4.761111 0.5419798 54 4.626984 4.895238 3.4 6.0 4.500 4.8 5.0
## $groups

## CC groups

##H 1 4.761111 a

## 0.5 4.674074 ab

## 0.1 4.561111 bc

## 0.05 4.444444 C

## 0.01 4.442593 C

## 0 4.437037 C

mtg25cd <- 1m(CC ~ factor(tgst25cd$ND) + factor(tgst25cd$Vu), data = tgst25cd)
mtg25cdaov <- aov(mtg25cd)
summary(mtg25cd)

lsdmtg25cd <- LSD.test(mtg25cd, "factor(tgst25cd$ND)", alpha = 0.05, p.ad
j = "none"

1sdmtg25cd

## $statistics

#it MSerror Df Mean CV t.value LSD
##  0.4711387 316 5.623148 12.2066 1.9675 0.2599005
#i
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## $parameters

H## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst25cd$ND) 6 ©.05

#i#

## $means

## CC std r LCL UCL Min Max Q25 Q50 Q75
## O 5.240741 0.5420153 54 5.056963 5.424518 4.2 6.7 5.000 5.3 5.55
## 0.01 5.405556 0.7082843 54 5.221778 5.589333 4.3 7.7 5.000 5.3 6.00
## 0.05 5.646296 0.7725754 54 5.462519 5.830074 4.3 7.9 5.100 5.5 6.00
## 0.1 5.661111 0.6645801 54 5.477334 5.844889 4.5 7.7 5.300 5.6 6.00
## 0.5 5.837037 0.7308037 54 5.653260 6.020814 4.3 7.7 5.300 6.0 6.30
##H 1 5.948148 ©.7933071 54 5.764371 6.131926 4.3 7.9 5.325 6.0 6.55
## $groups

## CC groups

## 1 5.948148 a

## 0.5 5.837037 ab

## 0.1 5.661111 bc

## 0.05 5.646296 bc

## 0.01 5.405556 cd

## 0 5.240741 d

mtg30cd <- 1m(CC ~ factor(tgst30cd$ND) + factor(tgst30cd$Vu), data = tgst3ecd)
mtg30cdaov <- aov(mtg3ecd)
summary(mtg30cd)

lsdmtg30cd <- LSD.test(mtg30cd, "factor(tgst30cd$ND)", alpha = 0.05, p.ad
j = "none"
1sdmtg3ecd

## $statistics
## MSerror Df Mean CV t.value LSD
H## 2.054178 316 8.462963 16.93544 1.9675 0.5426899
## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst30cd$ND) 6 0.05

## $means

## cC std r LCL UCL Min Max Q25 Q50 Q75
## O 7.962963 1.405823 54 7.579223 8.346703 5 10.0 7.000 7.9 9.000
## 0.01 8.111111 1.429958 54 7.727371 8.494851 5 10.9 7.000 8.0 9.000
## 0.05 8.594444 1.666362 54 8.210705 8.978184 5 12.8 7.000 9.0 9.675
## 0.1 8.690741 1.645837 54 8.307001 9.074480 512.8 7.825 9.0 9.925
## 0.5 8.787037 1.535989 54 8.403297 9.170777 5 12.8 8.000 9.0 9.925
## 1 8.631481 1.361024 54 8.247742 9.015221 5 11.0 7.925 9.0 9.600
## $groups

#i# CC groups

## 0.5 8.787037 a

## 0.1 8.690741 a

## 1 8.631481 ab

## 0.05 8.594444 ab

## 0.01 8.111111 bc

## 0 7.962963 C

mtg35cd <- 1lm(CC ~ factor(tgst35cd$ND) + factor(tgst35cd$Vu), data = tgst35cd)
mtg35cdaov <- aov(mtg35cd)
summary(mtg35cd)
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l1sdmtg35cd <- LSD.test(mtg35cd, "factor(tgst35cd$ND)", alpha = 0.05, p.ad
j = "none"
1sdmtg35cd

## $statistics
## MSerror Df Mean CV t.value LSD
4 4.825558 316 13.84321 15.86854 1.9675 0.8317762
## $parameters

H## test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst35cd$ND) 6 ©.05

## $means

#it cC std r LCL UCL Min Max Q25 Q50 Q75
### 0 12.55556 2.119600 54 11.96740 13.14371 9 15.6 10.075 12.85 14.925
## 0.01 13.12407 2.276288 54 12.53592 13.71223 9 17.9 11.075 13.40 15.000
## 0.05 13.85741 2.320426 54 13.26925 14.44556 10 18.9 12.475 13.90 15.300
## 0.1 14.25000 2.114171 54 13.66185 14.83815 10 18.9 13.000 14.35 15.525
## 0.5 14.69074 2.145576 54 14.10259 15.27890 10 19.0 13.100 15.00 15.925
## 1 14.58148 2.429619 54 13.99333 15.16964 9 21.9 13.000 15.00 15.675
## $groups

#i# CC groups

## 0.5 14.69074 a

## 1 14.58148 ab

## 0.1 14.25000 ab

## 0.05 13.85741 bc

## 0.01 13.12407 cd

## 0 12.55556 d

mtgdlcd <- 1m(CC ~ factor(tgst40cd$ND) + factor(tgstd4@cd$Vu), data = tgstdocd)
mtgd@cdaov <- aov(mtgdecd)
summary (mtgdocd)

lsdmtg40cd <- LSD.test(mtgd4ocd, "factor(tgst40cd$ND)", alpha = 0.05, p.ad
j = "none"
1sdmtgdecd

## $statistics
## MSerror Df Mean CV t.value LSD
## 17.78701 316 22.99753 18.33877 1.9675 1.596924
## $parameters

H#t test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(tgst40cd$ND) 6 0.05

## $means

#H# e std r LCL UCL Min Max Q25 Q50 Q75
## 0 21.96667 4.755533 54 20.83747 23.09586 14.5 31 19.000 21.00 26.900
## 0.01 22.05926 4.932660 54 20.93006 23.18846 14.5 31 18.625 21.00 26.900
## 0.05 22.40926 4.684590 54 21.28006 23.53846 14.5 31 19.000 21.30 26.900
## 0.1 23.40370 4.119212 54 22.27451 24.53290 15.5 31 21.000 23.00 27.000
## 0.5 23.72593 3.687827 54 22.59673 24.85512 15.5 29 21.000 23.95 27.000
## 1 24.42037 3.640619 54 23.29117 25.54957 16.0 29 21.075 24.90 27.975
## $groups

## CC groups

## 1 24.42037 a

## 0.5 23.72593 ab

## 0.1 23.40370 abc

## 0.05 22.40926 bc

## 0.01 22.05926 C
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##

0

21.

96667

C

mtgd5cd <- 1lm(CC ~ factor(tgst45cd$ND) + factor(tgstd5cd$Vu), data = tgstdsScd)

mtg45cdaov <- aov(mtga5cd)

lsdmtgd5cd <- LSD.test(mtgd5cd, "factor(tgst45cd$ND)", alpha = 0.05, p.ad

Mean

30.6947 316 34.73488

test p.ajusted

summary(mtg45cd)
j = "none"
1sdmtga5cd

## $statistics
##  MSerror Df
##

## $parameters
##

##  Fisher-LSD
## $means

#i# ccC
## O 34.29259
## 0.01 33.87037
## 0.05 34.69630
## 0.1 35.15185
## 0.5 34.77963
## 1 35.61852
## $groups

## cc
## 1 35.61852
## 0.1 35.15185
## 0.5 34.77963
## 0.05 34.69630
## O 34.29259
## 0.01 33.87037

none

std
.812304
.377603
.745974
.126871
.951325
.626954

A Phutuio o

groups

[ DR <D I DI« DR <D I )

CV t.value

name.t ntr alpha
6 0.05

factor(tgst45cd$ND)

r
54
54
54
54
54
54

32.
32.
33.
33.
33.
34.

LCL
80922
38700
21293
66848
29626
13515

35.
35.
36.
36.
36.
37.

LSD
15.95019 1.9675 2.097802

UCL Min Max

77596
35374
17967
63522
26300
10189

23
23
23
26
26
26

45
45
45
45
45
45

28.
28.
30.
30.
30.
31.

Q25
000
000
000
000
000
125

36.
35.
36.
36.
36.
36.

Q50
00
85
00
00
00
00

40.
38.
39.
39.
38.
39.

Q75
00
75
75
75
00
00

195



PL 6.3. Anh hwéng ciia Cd dén chi sé SPAD rau méng toi

0.SPAD_Mong-toi.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\SPAD")spadmt
<- read_excel("SPAD_Mong toi.xlsx")attach(spadmt)

m <- lm(spadmt$SPAD ~ spadmt$KLN + factor(spadmt$Vu) + spadmt$KLN/factor(
spadmt$ND) )

summary(m)

## $statistics
## MSerror Df Mean CvV t.value LSD
## 1.887338 154 41.0963 3.34289 1.975488 0.7386392
## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none factor(spadmt_cd$ND) 6 ©.05

## $means

## spadmt_cd$SPAD std r LCL UCL Min Max Q25 Q50 Q75
## 0 42.40741 2.608850 27 41.88511 42.92970 38.0 46.9 40.3 43.0 44.80
## 0.01 42.11852 2.689586 27 41.59622 42.64082 38.0 46.9 39.2 43.0 44.15
## 0.05 41.58148 2.644448 27 41.05918 42.10378 37.0 45.5 39.0 42.4 43.20
## 0.1 40.88519 2.675488 27 40.36289 41.40748 36.4 46.0 38.9 41.0 42.80
## 0.5 40.15556 2.623757 27 39.63326 40.67785 35.6 45.1 38.0 40.0 42.20
## 1 39.42963 2.680100 27 38.90733 39.95193 34.6 45.0 37.5 39.0 41.40
## $groups

i spadmt_cd$SPAD groups

## 0 42.40741 a

## 0.01 42.11852 ab

## 0.05 41.58148 bc

## 0.1 40.88519 cd

## 0.5 40.15556 de

## 1 39.42963 e
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PL 6.4. Anh hwéng cia Cd dén ning suét rau mong toi

NS_Mongtoi11032023.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Nang suat")

#H
#H
#H
#H
#H
#H
#H
H#H
Q75
H#H
#H
#H
H#H
H#H
#H

##
##
##
##
##
##
##
##

$statistics
MSerror Df Mean CV t.value LSD
701.8169 46 141.5315 18.71797 2.012896 25.13778
$parameters
test p.ajusted name.t ntr alpha
Fisher-LSD none factor(nsmt_cd¢§ND) 6 ©0.05
$means
nsmt_cd$NS std r LCL UCL Min
(%] 142.5000 45.08423 9 124.7249 160.2751 82.7 221.
0.01 134.2000 29.26107 9 116.4249 151.9751 96.9 181.
0.05 149.3778 29.28074 9 131.6027 167.1529 105.0 195.
0.1 140.4333 24.03846 9 122.6582 158.2084 109.2 185.
0.5 155.7778 33.48715 9 138.0027 173.5529 124.7 210.
1 126.9000 28.85043 9 109.1249 144.6751 91.1 174.
$groups
nsmt_cd$NS groups
0.5 155.7778 a
0.05 149.3778 ab
0 142 .5000 ab
0.1 140.4333 ab
0.01 134.2000 ab
1 126.9000 b

Max

N oo uvioo D

105.
109.
138.
128.
130.
109.

WO ONON

Q25 Q50

139.2 169.5
135.2 155.3
148.9 164.8
133.2 147.7
137.90 171.0
112.9 151.5
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PL 6.5. Anh hwéng ciia Cd dén tich liy trong dit trong rau mong toi

Dat-Mong-toi.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Dat\\DatRMT")
## $statistics

H#it MSerror Df Mean Cv  t.value LSD

##  0.06119494 52 0.7025926 35.20904 2.006647 0.2340035

## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none NDKLN 6 ©0.05

## $means

#Ht KLND std r LCL UCL Min Max Q25 Q50 Q75
## 0 0.01733333 0.007071068 9 -0.1521322 0.1787988 0.00 0.02 0.01 0.01 0.02
## 0.01 0.05222222 0.006666667 9 -0.1232433 0.2076877 0.03 0.05 0.04 0.04 0.0
## 0.05 0.3028889 0.057324612 9 0.1234234 0.4543544 0.21 0.37 0.25 0.26 0.3
## 0.1 0.46111111 0.036209268 9 0.2956456 0.6265766 0.41 0.51 0.43 0.46 0.4
## 0.5 1.54555556 0.244648274 9 1.3800901 1.7110211 1.28 1.92 1.36 1.46 1.8
## 1 1.86444444 0.135380123 9 1.6989789 2.0299099 1.70 2.08 1.75 1.85 1.98
## $groups

## KLND groups

## 1 1.86444444 a

## 0.5 1.54555556 b

## 0.1 0.46111111 C

#i# 0.05 0.30288889 C

#i# 0.01 0.05222222 d

## 0 0.01733333 d
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PL 6.6. Anh huéng ciia Cd dén tich liiy trong rau mong toi

Rau-Mong-toi.r

setwd("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu xly thong ke\\Rau\\RauMT")
## $statistics

H#it MSerror Df Mean CvV  t.value LSD

##  0.003616912 52 ©.3281481 18.32732 2.006647 0.0568897

## $parameters

## test p.ajusted name.t ntr alpha

##  Fisher-LSD none NDKLN 6 ©0.05

## $means

it KLNR std r LCL UCL Min Max Q25 Q50 Q75
## 0 0.002222222 0.004409586 9 -0.03800487 0.04244931 0.00 0.01 0.00 0.00 0.00
## 0.01 0.032222222 0.006666667 9 -0.00800487 0.07244931 0.02 0.04 0.03 0.03 0.04
## 0.05 0.105555556 0.024551533 9 0.06532846 0.14578265 0.08 0.14 0.09 0.10 0.13
## 0.1 0.195555556 0.043620841 9 0.15532846 0.23578265 0.14 0.25 0.15 0.19 0.24
## 0.5 0.620000000 0.065764732 9 0.57977291 0.66022709 0.50 0.70 0.59 0.62 0.68
## 1 1.013333333 0.061644140 9 0.97310624 1.05356043 0.90 1.10 0.98 1.00 1.07
## $groups

## KLNR groups

#it 1 1.013333333 a

## 0.5 0.620000000 b

## 0.1 0.195555556 C

## 0.05 0.105555556 d

## 0.01 0.032222222 e

## O 0.002222222 e
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Phu luc 7. Két qua chay hdi quy Tobit

PL 7.1. Két qua chay hoi quy Tobit cho rau cai xanh
. tobit Y_trongrau X1_Nuoc X2_Dat if Loai=="Cu", ul(30)

Refining starting values:

Grid node ©: log likelihood = -11.322023
Fitting full model:
Iteration O: log likelihood = -11.322023
Iteration 1: log likelihood = -11.322023
Tobit regression Number of obs = 18
Uncensored = 18
Limits: Lower = -inf Left-censored = 0
Upper = 30 Right-censored = 0
LR chi2(2) =  66.41
Prob > chi2 = 0.0000
Log likelihood = -11.322023 Pseudo R2 = 0.7457
Y _trongrau |Coefficient Std. err. t P>|t|] 95% conf. interval]
_____________ o m o o e e e
X1_Nuoc | 2.98127 .378615 7.87 0.000 2.178642 3.783898
X2_Dat | .1854952 .0710762 2.61 0.019 .0348204 .33617
_cons | 1.169551 .851071 0.63 0.536 -2.754545 5.093646
_____________ o o m o e o e e cemeeo
var(e.Y_tr~u)| .2060009 .068667 .1016205 .4175966

tobit Y_trongrau X1_Nuoc X2_Dat if Loai=="Pb", ul(©.30)

Refining starting values:

Grid node ©: log likelihood = 11.448822
Fitting full model:

Iteration 0: log likelihood = 11.448822
Iteration 1: log likelihood = 16.908077

Iteration 2: log likelihood 19.815258 (nhot concave)
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Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

Iteration

8:

9:

log
log
log
log
log
log
log

Tobit regression

likelihood
likelihood
likelihood
likelihood
likelihood
likelihood
likelihood

21.032412

21.83638

25.213842

26.035046

26.052089

26.05247

26.05247

Number of obs

18

9

0

9
53.48
0.0000

38.8301

[95% conf. interval]

_____________ +___________________________________________________________

.1494328
-.0324258

.0364186

.3771158

.0434745

.1978447

_____________ +___________________________________________________________

Uncensored
Limits: Lower = -inf Left-censored
Upper = 0.30 Right-censored
LR chi2(2)
Prob > chi2
Log likelihood = 26.05247 Pseudo R2
Y_trongrau |Coefficient Std. err. t
X1_Nuoc | .2632743 .0537012 4.90
X2_Dat | .0055243 .0179018 0.31
_cons | .1171317 .0380739 3.08
var(e.Y_tr~u)|.0001791 .0000844

.0000659

.0004866

. tobit Y_trongrau X1_Nuoc X2 _Dat if Loai=="Cd", ul(@.2)

Refining starting values:

Grid node 0:

Fitting full model:

Iteration
Iteration
Iteration
Iteration

Iteration

0:

1:

2:

log

log
log
log
log
log

likelihood

likelihood
likelihood
likelihood
likelihood
likelihood

17.547091

17.547091

24.499387

28.868338

29.49528

34.806067
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Iteration 5: log likelihood = 37.345494
Iteration 6: log likelihood = 37.920599
Iteration 7: log likelihood = 37.929552
Iteration 8: log likelihood = 37.929566
Iteration 9: log likelihood = 37.929566
Tobit regression Number of obs = 18
Uncensored = 12
Limits: Lower = -inf Left-censored = 0
Upper = 0.20 Right-censored = 6
LR chi2(2) =  67.41
Prob > chi2 = 0.0000
Log likelihood = 37.929566 Pseudo R2 = -7.9740
Y_trongrau|Coefficient Std. err. t P>|t]| [95% conf. interval]
_____________ o o m o oo o deCeo o
X1_Nuoc| 1.308728 .4559406 2.87 0.011 .3421769 2.275278
X2_Dat| .051373 .1991503 0.26 0.800 -.3708068 .4735527
_cons| .0149708 .0047118 3.18 0.006 .0049823 .0249593
_____________ o o e o e e e
var(e.Y_tr~u)| .0001052 .000043 .0000443 .00025
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PL 7.2. Két qua chay hai quy Tobit cho rau xa lach

. tobit Y_trongrau X1_Nuoc X2_Dat if Loai=="Cu", ul(30)

Refining starting values:

Grid node ©: log likelihood = -10.50797
Fitting full model:

Iteration @: log likelihood = -10.50797
Iteration 1: log likelihood = -10.50797

(backed up)

Tobit regression Number of obs = 18

Uncensored = 18

Limits: Lower = -inf Left-censored = 0

Upper = 30 Right-censored = 0

LR chi2(2) = 71.92

Prob > chi2 = 0.0000

Log likelihood = -10.50797 Pseudo R2 = 0.7739
Y_trongrau| Coefficient Std. err. t P>|t| [95% conf. interval]
X1 Nuoc | 3.541026 .3588218 9.87 0.000 2.780357 4.301694
X2 _Dat | .1763379 .0713567 2.47 0.025 .0250686 .3276073
_cons | 1.551177 1.837075 0.84 0.411 -2.343248 5.445602

________ B it et

var(e.Y_tr~u)| .1881859 .0627286

.0928324 .3814827

. tobit Y_trongrau X1_Nuoc X2_Dat if Loai=="Pb",

Refining starting values:

Grid node ©: log likelihood = 9.5943646

Fitting full model:

ul(e.30)
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Iteration O: log likelihood = 9.5943646
Iteration 1: log likelihood = 14.492277
Iteration 2: log likelihood = 19.969834
Iteration 3: log likelihood = 19.972864 (backed up)
Iteration 4: log likelihood = 22.660602
Iteration 5: log likelihood = 23.237149
Iteration 6: log likelihood = 23.249437
Iteration 7: log likelihood = 23.249467

Iteration 8: log likelihood = 23.249467

Tobit regression Number of obs = 18
Uncensored = 9
Limits: Lower = -inf Left-censored = 0
Upper = 0.30 Right-censored = 9
LR chi2(2) =  46.82
Prob > chi2 = 0.0000
Log likelihood = 23.249467 Pseudo R2 = 145.2651
Y _trongrau |Coefficient Std. err. t P>t [95% conf. interval]
_____________ o m o o e e e
X1_Nuoc | .214895 .0562106 3.82 0.001 .0957337 .3340562
X2_Dat | .029169 .0193764 1.51 0.152 -.0119071 .0702451
_cons | .0758621 .0420622 1.80 0.090 -.0133057 .16503
_____________ Fm m o e o e e e e e
var(e.Y_tr~u)| .000334 .0001574 .0001229  .0009073

. import excel "D:\Tai liéu NCS_ G\Tobit\File cuoilXa lach\1.xlsx",
sheet("Sheetl") firstrow clear

(4 vars, 18 obs)

. tobit Y_trongrau X1_Nuoc X2 Dat if Loai=="Cd", ul(@.2)
Refining starting values:

Grid node 0: log likelihood = 12.108633

Fitting full model:
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Iteration 0:
Iteration 1:
Iteration 2:
Iteration 3:
Iteration 4:
Iteration 5:
Iteration 6:
Iteration 7:
Iteration 8:

Iteration 9:

log
log
log
log
log
log
log
log
log
log

Tobit regression

Limits: Lower

Upper

likelihood
likelihood
likelihood
likelihood
likelihood
likelihood
likelihood
likelihood
likelihood
likelihood

0.20

Log likelihood = 37.294884

12.108633

21.12706

26.569423

31.464958

33.836466

35.659318

37.188196

37.294106

37.294884

37.294884

Number of obs
Uncensored
Left-censored
Right-censored
LR chi2(2)
Prob > chi2

Pseudo R2

(not concave)

(not concave)

18

12

66.27

0.0000

-7.9671

Y_trongrau

| Coefficient Std. err. t

[95% conf. interval]

_____________ +___________________________________________________________

X1_Nuoc
X2_Dat

_cons

12.12 0.000

0.92 0.373

2.93 0.010

1.25311

-.0311187

.0036652

1.784278

.0784622

.0228657

_____________ +___________________________________________________________

| 1.518694 .125281
|  .0236717  .0258457
|  .0132655 .0045286

.0000477

var(e.Y_trongrau)|.000117

.0000492

.0002779
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PL 7.3. Két qua chay hai quy Tobit cho rau méng toi

. tobit Y_trongrau X1_Nuoc X2_Dat if Loai=="Cu", ul(30)

Refining starting values:

Grid node 0: log likelihood = -12.220627
Fitting full model:
Iteration @: log likelihood = -12.220627
Iteration 1: log likelihood = -12.220627
Tobit regression Number of obs = 18
Uncensored = 18
Limits: Lower = -inf Left-censored = 0
Upper = 30 Right-censored = 0
LR chi2(2) = 59.88
Prob > chi2 = 0.0000
Log likelihood = -12.220627 Pseudo R2 = 0.7101
Y _trongrau | Coefficient Std. err. t P>t [95% conf. interval]
_____________ m m o o e e e
X1 Nuoc | 2.894932 .3456682 8.37 0.000 2.162149 3.627716
X2 _Dat | .1168632 .0715476 1.63 0.122 -.0348109 .2685373
_cons | 1.822788 1.903348 0.96 0.352 -2.21213 5.857706
_____________ o o m o e o e e cemeeo
var(e.Y_trongrau)|.2276309 .075877 .1122906 .461444

. tobit Y_trongrau X1_Nuoc X2_Dat if Loai=="Pb", ul(©.30)
Refining starting values:

Grid node ©: log likelihood = 10.659748
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Fitting full model:

Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

Iteration

0:

1:

6:

7:

log
log
log
log
log
log
log
log

Tobit regression

Limits:

Upper

Lower

likelihood
likelihood
likelihood
likelihood
likelihood
likelihood
likelihood
likelihood

-inf

0.30

Log likelihood = 21.827703

l10.

le6.

18.

19.

21.

21.

21.

21.

659748

425216

620833

292915

472866

826973

827703

827703

Number of obs =

Uncensored

Left-censored =

Right-censored =

LR chi2(2)
Prob > chi2

Pseudo R2

47.40

0.0000

12.6684

X1_Nuoc | .2271665

X2_Dat

_cons

| .0224196

.0657179

.0918023

.0328077

.0632302

2.47

0.68

1.04

0.025

0.504

0.314

.0325544
-.0471296

-.0683242

.4217786

.0919689

.19976

_____________ B

var(e.Y_trongrau) | .000458

.0002158

.0001687 .0012436

. tobit Y_trongrau X1 _Nuoc X2 Dat if Loai=="Cd", ul(0.2)

Refining starting values:

Grid node O:
Fitting full model:
Iteration 0:
Iteration 1:

Iteration 2:

log

log
log
log

likelihood

likelihood
likelihood
likelihood

22.

22.

28.

31.

907162

907162

246937

906136

(not concave)

(not concave)
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Iteration 3:
Iteration 4:
Iteration 5:
Iteration 6:
Iteration 7:
Iteration 8:
Iteration 9:
10:

Iteration

Iteration 11:

Tobit regression

Limits: Lower

Upper

Log likelihood = 43.908582

log likelihood = 36.
log likelihood = 38.
log likelihood = 39.
log likelihood = 41.
log likelihood = 43.
log likelihood = 43.
log likelihood = 43.
log likelihood = 43.
log likelihood = 43.
= -inf
= 0.20

Number of obs

889332

223464

271023

862141

625511

902701

908563

908582

908582

Uncensored

Left-censored

(not concave)

(not concave)

(backed up)

Right-censored

LR chi2(2)

Prob

> chi2

Pseudo R2

18

12

0

6

80.41

0.0000

-10.8592

Y_trongrau

|Coefficient Std. err.

_____________ +___________________________________________________

X1_Nuoc

X2_Dat

| 1.013798
| .0982437

| .005849

.3091368

.0730948

.0027487

3.28

1.34

2.13

__________________ B e e i)

var(e.Y_trongrau) | .0000388

.0000159

P>|t| [95% conf. interval]
0.005 .3584572 1.669139
0.198 -.0567103 .2531976
0.049 .0000221 .0116759

.0000163 .0000923
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Phu luc 8. Két qua xir Iy théng ké
giai phap giam thiéu tich liiy Pb, Cd trong dat va rau

PL 8.1. Két qua xir ly théng ké giai phap giam thiéu tich liy Cd
trong dat trong cai xanh

datcai.r

setwd ("F:\\SLSV\\NSC\\Giang Khoa TNMT\\So lieu giai phap\\Datcai")
# So sanh CT trong dat rau cai KLN cd vu 1

dccdvl <- Im(DC ~ CT, data = drcvilcd)

summary (dccdvl)

## $statistics
## MSerror Df Mean Cv t.value LSD
## 0.0003166667 16 0.185 9.618989 2.119905 0.03080151
## $parameters

H#it test p.ajusted name.t ntr alpha
##  Fisher-LSD none CT 8 0.05
## $groups

#H# DC groups

## T1 0.23666667 a

## T7 0.22666667 a

## TS5 0.22000000 ab

## T6 0.19000000 bc

## T2 0.18333333 C

## T8 0.18000000 cd

## T3 0.15000000 d

## T4 0.09333333 e

# So sanh CT trong dat rau cai KLN Cd vu 2
dccdv2 <- 1Im(DC ~ CT, data = drcv2cd)
summary (dcpbv2)

lsddccdv2 <- LSD.test(dccdv2, "CT", alpha = 0.05, p.adj = "none"
1sddccdv2

## $statistics
##  MSerror Df Mean CV t.value LSD
## 0.0004 16 0.2554167 7.830343 2.119905 0.03461791
## $parameters

H#t test p.ajusted name.t ntr alpha
##  Fisher-LSD none CT 8 0.05
## $groups

## DC groups

## T1 0.3833333 a

## T7 0.3133333 b

## T5 0.2900000 bc

## T2 0.2566667 cd

## T8 0.2266667 de

## T6 0.2200000 e

## T3 0.2066667 e

## T4 0.1466667 f
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# So sanh CT trong dat rau cai KLN cd vu 3
dccdv3 <- Im(DC ~ CT, data = drcv3cd)
summary (dccdv3)

## $statistics

##
##
##
##
##
##
##
##
##
##
##
##

MSerror Df
0.00045 16
$groups
DC
T1l 0.5133333
T7 ©0.3933333
T5 0.3900000
T2 0.3733333
T8 0.3266667
T6 0.3200000
T3 0.2566667
T4 0.2066667

Mean
0.3475

groups

QN N oOCOoCow

e

CV t.value LSD
6.104519 2.119905 0.03671784

# So sanh CT trong dat rau cai KLN cd ca ba vu
dccd <- Im(DC ~ CT, data = drccd)
summary (dccd)

## $statistics

##
##
##
##
##
##
##
##
##
##
##
##

MSerror Df Mean CV t.value LSD
0.005813542 64 0.2626389 29.03096 1.99773 0.07180437
$groups

DC groups
T1 ©0.3777778 a
T7 0.3111111 ab
T5 0.3000000 b
T2 0.2711111 bc
T8 0.2444444 bc
T6 0.2433333 bc
T3 0.2044444 cd
T4 0.1488889 d
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PL 8.2. Két qua xir ly théng ké
giai phap giam thiéu tich lily Cd trong cai xanh

# So sanh CT trong rau cai KLN cd ca ba vu
rccd <- Im(rc ~ CT, data =
summary(rccd)

rcc

d)

lsdrccd <- LSD.test(rccd, "CT", alpha = 0.05, p.adj =

1sdrccd

## $statistics

## MSerror Df Mean CV t.value
## 0.001191319 64 0.4658333 7.409409 1.99773 0.
#it

## $parameters

## test p.ajusted name.t ntr alpha

#H# Fisher-LSD none CT 8 0.605

#it

## $means

H## rc std r LCL UCL
## T1l 0.7188889 0.04781329 9 0.6959047 0.7418731
## T2 0.4866667 0.06324555 9 0.4636825 0.5096509
## T3 0.3844444 0.02403701 9 0.3614602 0.4074287
## T4 0.2777778 0.02108185 9 0.2547936 0.3007620
## T5 0.5366667 0.02000000 9 0.5136825 0.5596509
## T6 0.4300000 0.03201562 9 0.4070158 0.4529842
## T7 0.5277778 0.02279132 9 0.5047936 0.5507620
## T8 0.3644444 0.01666667 9 0.3414602 0.3874287
## $groups

## rc groups

## T1 0.7188889 a

## T5 0.5366667 b

## T7 0.5277778 b

## T2 0.4866667 C

## T6 0.4300000 d

## T3 0.3844444 e

## T8 0.3644444 e

## T4 0.2777778 f

# So sanh CT trong rau cai KLN pb vu 1
rcpbvl <- 1lm(rc ~ CT, data
summary (rcpbvl)

=r

cvlpb)

llnonell

LSD

03250458

Min Max
0.63 0.78
0.40 0.58
0.34 0.41
0.25 0.31
0.50 0.56
0.39 0.49
0.50 0.55
0.34 0.38

lsdrcpbvl <- LSD.test(rcpbvl, "CT", alpha = 0.05, p.adj
1lsdrcpbvl

## $statistics
MSerror Df

##
##
##
##
##
##
##

$parameters
test p.ajusted name.t ntr alpha
CT 8 0.05

Fisher-LSD

## $means

none

Mean

CV t.value
0.0009041667 16 0.4454167 6.750839 2.119905 0.05204693

= llnonell

LSD

OO OO0

Q25
.68
.45
.38
.26
.53
.40
.50
.36

OO0

Q50
.73
.48
.38
.28
.54
.43
.54
.36

OO0

Q75
.76
.53
.41
.29
.55
.44
.55
.38
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#it rc std r LCL UCL Min Max Q25 Q50
## T1 0.6766667 0.04509250 3 0.6398639 0.7134694 0.63 0.72 0.655 0.68
## T2 0.4233333 0.03214550 3 0.3865306 0.4601361 0.40 0.46 0.405 0.41
## T3 0.3766667 0©.03511885 3 0.3398639 0.4134694 0.34 0.41 0.360 0.38
## T4 0.2700000 0.02645751 3 0.2331973 0.3068027 0.25 0.30 0.255 0.26
## T5 0.5200000 0.02645751 3 0.4831973 0.5568027 0.50 0.55 0.505 0.51
## T6 0.4066667 0.02081666 3 0.3698639 0.4434694 0.39 0.43 0.395 0.40
## T7 0.5300000 0.02645751 3 0.4931973 0.5668027 0.50 0.55 0.520 0.54
## T8 0.3600000 0.02000000 3 0.3231973 0.3968027 0.34 0.38 0.350 0.36
## $groups

## rc groups

## T1 0.6766667 a

## T7 0.5300000 b

## T5 0.5200000 b

## T2 0.4233333 C

## T6 0.4066667 cd

## T3 0.3766667 cd

## T8 0.3600000 d

## T4 0.2700000 e

# So sanh CT trong rau cai KLN pb vu 2
rcpbv2 <- Im(rc ~ CT, data = rcv2pb)
summary (rcpbv2)

lsdrcpbv2 <- LSD.test(rcpbv2, "CT", alpha = 0.05, p.adj = "none")
1sdrcpbv2

## $statistics

## MSerror Df Mean CV t.value LSD
H## 0.0006791667 16 0.4804167 5.42463 2.119905 0.04510857
##

## $parameters

H#it test p.ajusted name.t ntr alpha

##  Fisher-LSD none CT 8 0.05

##

## $means

#HH rc std r LCL UCL Min Max Q25 Q50
## T1 0.7233333 0.04041452 3 0.6914368 0.7552299 0.68 0.76 0.705 0.73
## T2 0.5566667 0.02516611 3 0.5247701 0.5885632 0.53 0.58 0.545 0.56
## T3 0.3833333 0.02516611 3 0.3514368 0.4152299 0.36 0.41 0.370 0.38
## T4 0.2866667 0.02516611 3 0.2547701 0.3185632 0.26 0.31 0.275 0.29
## T5 0.5400000 0.01000000 3 0.5081034 0.5718966 ©.53 0.55 0.535 0.54
## T6 0.4633333 0.02516611 3 0.4314368 ©.4952299 0.44 0.49 0.450 0.46
## T7 ©.5233333 0.02516611 3 0.4914368 0.5552299 0.50 0.55 0.510 0.52
## T8 0.3666667 0.02309401 3 0.3347701 ©.3985632 0.34 0.38 0.360 0.38
#i#

## $comparison

## NULL

#i#

## $groups

## rc groups

## T1 0.7233333 a

## T2 0.5566667
## T5 0.5400000
## T7 0.5233333
## T6 0.4633333

Nn OO
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Q75

.700
.435
.395
.280
.530
.415
.545
.370

Q75

.745
.570
.395
.300
.545
.475
.535
.380



##
##
##
##
##
##

T3 0.3833333
T8 0.3666667
T4 0.2866667

attr(,"class")

[1] "group”

e

# So sanh CT trong rau cai KLN pb vu 3

rcpbv3d <- lm(rc ~ CT, data

summary (rcpbv3)

= rcv3pb)

lsdrcpbv3 <- LSD.test(rcpbv3, "CT", alpha = 0.05, p.adj

1sdrcpbv3

## $statistics

#H# MSerror Df

##

##

## $parameters

## test p.ajusted
#H# Fisher-LSD none
##

## $means

1t rc std
## T1 0.7566667 0.02516611
## T2 0.4800000 0.03000000
## T3 0.3933333 0.01527525
## T4 0.2766667 0.01527525
## T5 0.5500000 0.01000000
## T6 0.4200000 0.02000000
## T7 0.5300000 0.02645751
## T8 0.3666667 0.01154701
#H#

## $comparison

## NULL

##

## $groups

i rc groups

## T1 0.7566667 a

## T5 0.5500000 b

## T7 0.5300000 b

## T2 0.4800000 C

## T6 0.4200000 d

## T3 0.3933333 de

## T8 0.3666667 e

## T4 0.2766667 f

Mean

CV t.value

name.t ntr alpha

CT 8 0.605
r LCL ucL
3 0.7316833 0.7816500
3 0.4550167 0.5049833
3 0.3683500 0.4183167
3 0.2516833 0.3016500
3 0.5250167 0.5749833
3 0.3950167 0.4449833
3 0.5050167 0.5549833
3 0.3416833 0.3916500

OO OO0

Min
.73
.45
.38
.26
.54
.40
.50
.36

OO OO0

LSD
0.0004166667 16 0.4716667 4.32772 2.119905 0.03533175

Max
.78
.51
.41
.29
.56
.44
.55
.38

OO OO0

Q25

.745
.465
.385
.270
.545
.410
.520
.360

llnonen

OO0

Q50
.76
.48
.39
.28
.55
.42
.54
.36

[ORGINO R RO RE R

Q75

.770
.495
.400
.285
.555
.430
.545
.370
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v1¢

Phu luc 9. S6 liéu diu vao mé hinh Tobit

Kim Cii xanh Xa lach Mong toi
STT loai

ning X1 Nuoc | X2 Dat | Y_trongrau | X1 Nuoc | X2 Dat | Y _trongrau | X1 Nuoc | X2 Dat | Y_trongrau
1 Cu 0 22,45 5,55 0 22,45 5,42 0 23,13 4,71
2 Cu 0,2 28,15 6,39 0,2 28 6,94 0,2 28,02 5,44
3 Cu 0,5 29,14 8,22 0,5 29,65 8,91 0,5 29,49 6,39
4 Cu 08 31,03 10,03 0,8 32,16 10,25 0,8 30,75 8,92
5 Cu 1,6 34,01 12,7 1,6 33,64 13,21 1,6 32,21 10,21
6 Cu 2 35,35 13,63 2 34,22 14,13 2 33,58 11,73
7 Cu 0 23,69 5,32 0 23,69 5,98 0 24,01 4,93
8 Cu 0,2 26,47 6,12 0,2 27,14 6,53 0,2 27,9 5,21
9 Cu 0,5 28,3 8,53 0,5 28,46 8,67 0,5 30,21 6,21
10 Cu 08 32,69 9,41 0,8 31,13 9,47 08 31,99 8,35
11 Cu 1,6 33,13 12,73 1,6 32,92 13,84 1,6 33,89 9,54
12 Cu 2 34,21 13,19 2 34,65 13,98 2 34,23 11,3
13 Cu 0 24,71 5,84 0 24,71 5,67 0 24,94 4,85
14 Cu 0,2 28,65 6,52 0,2 26,1 6,41 0,2 27,54 51
15 Cu 0,5 29,87 8,66 0,5 27,78 8,83 0,5 30 6,74
16 Cu 0,8 31,21 9,42 0,8 30,35 9,79 08 32,96 8,61




qT¢

Kim Cai xanh Xalach Mong toi
STT loai
ning X1 Nuoc | X2 Dat | Y _trongrau | X1 _Nuoc | X2 Dat | Y_trongrau | X1_Nuoc | X2 _Dat | Y_trongrau
17 Cu 1,6 33,8 12,14 1,6 31,98 13,46 1,6 33,18 10,4
18 Cu 2 35,12 12,8 2 33,42 14,5 2 34,89 11,91
19 Pb 0 1,83 0,12 0 2,11 0,11 0 19 0,11
20 Pb 0,1 2,88 0,17 0,1 2,71 0,19 0,1 2,18 0,15
21 Pb 0,5 3,64 0,27 0,5 3,57 0,28 0,5 2,87 0,21
22 Pb 1 451 0,41 1 4,12 0,51 1 4,03 0,37
23 Pb 2 4,8 0,73 2 4,59 1,24 2 4,86 0,85
24 Pb 4 591 1,13 4 4,75 1,35 4 5,98 1,21
25 Pb 0 1,89 0,13 0 1,83 0,12 0 1,89 0,12
26 Pb 0,1 2,47 0,16 0,1 3,01 0,19 0,1 2,24 0,11
27 Pb 0,5 3,51 0,24 0,5 341 0,27 0,5 3,64 0,27
28 Pb 1 4,32 0,51 1 4,89 0,6 1 4,53 0,33
29 Pb 2 4,79 0,89 2 521 1,13 2 4,94 0,95
30 Pb 4 573 1,01 4 5,03 1,54 4 57 1,34
31 Pb 0 1,97 0,12 0 1,85 0,12 0 1,68 0,12
32 Pb 01 2,54 0,16 0,1 2,16 0,2 01 2,38 0,12
33 Pb 0,5 3,15 0,29 0,5 3,02 0,28 0,5 3,06 0,28
34 Pb 1 4,11 0,43 1 4 0,53 1 4,59 0,38
35 Pb 2 4,82 0,76 2 4,85 1 2 4,79 0,91




9T¢

Kim Cai xanh Xalach Mong toi
STT loai
ning X1 Nuoc | X2 Dat | Y _trongrau | X1 _Nuoc | X2 Dat | Y_trongrau | X1_Nuoc | X2 _Dat | Y_trongrau

36 Pb 4 5,54 1,21 4 512 1,41 4 5,67 1,26
37 Cd 0 0,02 0 0 0,02 0 0 0,02 0

38 Cd 0,01 0,03 0,04 0,01 0,03 0,04 0,01 0,03 0,02
39 Cd 0,05 0,09 0,08 0,05 0,1 0,11 0,05 0,29 0,09
40 Cd 0,1 0,23 0,15 0,1 0,4 0,17 0,1 0,41 0,14
41 Cd 0,5 0,84 0,71 0,5 0,9 0,69 0,5 1,28 0,59
42 Cd 1 1,08 1,11 1 1,2 0,92 1 1,75 09
43 Cd 0 0,01 0,01 0 0,01 0,01 0 0,02 0

44 Cd 0,01 0,03 0,05 0,01 0,04 0,05 0,01 0,04 0,03
45 Cd 0,05 0,16 0,09 0,05 0,3 0,11 0,05 0,21 0,08
46 Cd 01 0,24 0,16 0,1 0,42 0,16 01 0,43 0,15
47 Cd 0,5 1,02 0,63 0,5 1,03 0,76 0,5 1,36 0,5
48 Cd 1 1,03 0,96 1 1,32 0,86 1 1,71 1,03
49 Cd 0 0,01 0 0 0,02 0 0 0,01 0

50 Cd 0,01 0,03 0,04 0,01 0,34 0,05 0,01 0,04 0,03
51 Cd 0,05 0,12 0,09 0,05 0,18 0,11 0,05 0,25 0,08
52 Cd 01 0,24 0,16 0,1 0,3 0,17 01 0,42 0,15
53 Cd 0,5 0,9 0,62 0,5 0,19 0,62 0,5 1,31 0,56
54 Cd 1 1,11 0,82 1 1,32 1,11 1 1,7 0,97




Phu luc 10. Bién phap chiam soc rau thi nghiém

1. Bon phén

Str dung theo quy trinh khuyén cao cua S Nong nghiép va Phat trién Nong
thdn Ha Noi
a. Cai xanh

+ Luong bén theo quy trinh khuyén céo cho 1 ha: 70kg N + 35kg P.Os +
55kg K20.

+ Céach bén:

Bon 16t: 100% P20s

Bén thic 1an 1 (sau gieo 7-10 ngay): 50% N + 50% K:0).

Bén thic lan 2 (sau gieo 12-15 ngay): 50% N + 50% KO.
b. Xa lach

+ Luong bon theo quy trinh khuyén céo cho 1 ha: 40kg N + 35kg P,Os +
40kg K:0.

+ Cach bon:

Bon I6t: 100% P.Os + 30% K20

B6n thic lan 1 (khi cay c6 3-4 18): 50% N + 35 % K,O.

Ban thic lan 2 (khi cay cé 7-8 1a): 50% N + 35% K2O.
c. Méng toi

+ Luong bon theo quy trinh khuyén céo cho 1 ha: 70kg N + 50kg P,Os +
70kg K20.

+ Cach bon:
Bon 16t: 100% P.0s + 20% K20
B6n thic 1an 1 (sau gieo 15 ngay): 50%N + 40 % KO.
B6n thic lan 2 (sau gieo 30 ngay): 50%N + 40% KO.
2. Cham séc va phong trir sdu bénh
Khu vuc rau thi nghiém thuong xuyén dugc gitr sach ¢6 dai va hoan toan

khdng st dung thuéc BVTV cho rau trong qué trinh thi nghiém. Co dai va sau
hai dugc loai bo bang bién phap thu cong (nho, bat).
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Phu luc 11. Mt s6 hinh anh thi nghiém

Ll

N

‘ L D Y - 5 . \ v
SR 21:00/04N - 106°55'53E ~
.~ N 0 $ ar

Hinh 1. Khu vuc Hinh 2. Lap dat hé thong twéi nhé giot
bd tri thi nghiém nha luéi

Hinh 3. Day twéi nhé giot

Hinh 5. Chau sir dung Hinh 6. Theo doi sinh trwéng caa rau
trong thi nghiém 3

218



Hinh 9. Lay miu dat
sau khi thu hoach rau

AN DAO
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/ (55
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Hinh 11. Vi tri khu vuec thi
nghiém ddng rugng tai Pa T6n

Hinh 10. Phan tich mau
tai phong thi nghiém

Hinh 12. Chuan bj dat trong khu thi

nghiém dong rugng
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Hinh 13. Thi nghiém déng rudng tai Pa Tén

KHUC XUYEN
TIEN'AN

¢
em'lua varausmau Khut XuyensBac/Ninh L

3 3 =
£y NINHX M

PHONG KHE
% Maxar Technologies 1.000m |  Mdy dnh: 5.057m 21°11'17°N 106°02'06°E

Hinh 14. Khu vuc khao sat miu rau sir dung nuée twéi tir HTTL Bic Pudng
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