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Tém tat: Nghién ciru ('ng dung phuwrong phdp kiém nghiém phi tham sé Seasonal Mann-Kendall (SMK),
ddnh gid xu thé Idng dong wé't cta cdc ion nss-SO 42‘, nss-Ca?, NH ., NO, va H' tai 4 tram Ha N§i, Hoa Binh,
Cuc Phuwong va Ba Néng tir ndm 2000-2018. Trong dé, Idng dong H* ¢cé xu thé giém do ndng dé H* trong
nwdc mua gidm tai cdc tram, mirc dé giam Idng dong trung binh ndm tir 0,43%/ndm dén 4,4%/ném. Ldng
dong NO; va nss-SO j' 6 xu thé tdng tai Ha Ni, Hoa Binh va gidm tai Ctic Phurong, D Néng. Bén canh do,
fon NH " ¢6 xu thé'tdng ré rang tai Ha Noi va Hoa Binh véi mire tédng trung binh nédm tir 2,34-2,67%/ndm. lon
nss-Ca? cé xu thé tdng rd rang tai Hd N6i va Da NGng véi mire tdng trung binh ndm tir 3,52-11,03%/ném

Ttr khéa: Ldng dong wot, Mann-Kendall, xu thé.

1. Mé& dau

Viét Nam la mét thanh vién cha mang ludi
gidm sat [ang dong axit vung Déng A (EANET) va
hién tai Viét Nam cé 7 tram gidm sat lang dong
axit thudc mang luwdi nay, bao gdbm Ha Néi, Hoa
Binh, Clc Phuwong, Da Nang, Thanh phé H6 Chi
Minh, Can Tho va Yén Bai. Cac két qua quan trac
vé lang dong axit tai mang lwdi EANET gom lang
dong kho va lang dong uwdt. Trong nghién clru
nay, chi xem xét dén xu thé lang dong wét cho
cac tram cua Viét Nam thudc mang lwdi EANET.

Danh gia xu thé ndng do va lwong lang dong
wdt cla cac chat 6 nhiém da duoc nghién ctru va
céng bé trong nhiéu céng trinh khoa hoc trudc
day [14, 15, 12, 10, 11, 2], trong d6, nghién clru
cla tac gid Ngbd Thi VAn Anh d3 danh gid duoc
lang dong axit cho cac tram thudc EANET véi s
liéu t&r nam 2000-2015. Tuy nhién, nghién clru
nay mdi chi ra dwgc xu thé 1dng dong clia cac ion
dén ndm 2015, chua xem xét dé&n d6 déc cla xu
thé& néng do cac ion trong nwdc mua.

Bai bao nay tap trung phan tich xu thé lang
dong wdt theo mua ddi vdi cac ion nss—SO42',
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nss-Ca*, NH,", NO,” va H* tir chudi s6 liéu
2000-2018 tai cac tram cla Viét Nam thudc
EANET. Nghién ciru &ng dung phuong phap
kifm nghiém phi tham s6 Seasonal Mann-
Kendall (SMK) va wéc tinh 6 déc Mann-Kendall
(Sen’s slope) dé danh gia xu thé Idng dong axit
trong nwéc mua (lang dong uwét).
2. Di¥ liéu va phuwong phap
2.1. Di¥ liéu

Dt liéu dugc thu thap tir ngudn s6 liéu quan
trac tai cac tram thudc mang lwdi EANET tir ndm
2000-2018 d6i v&i Ha Noi va Hoa Binh; tlr ndm
2009-2018 d6i véi Ba Nang va Cuc Phuong.
Chudi s6 liéu cac tram Thanh phd H6 Chi Minh
(quan trac tir 2014), Can Tho (quan trac ti
2014) va Yén Ba&i (quan trac tir 2015), khong du
diéu kién dau vao tinh todn cho SMK.

Cac tram c6 s6 liéu quan trac theo tirng tudn
(7 ngay) va duwoc phan tich vdi cic théng s6:
pH, EC, 5042', NO3‘, cr, NH4+, Ca%, Mg?, Na*, K*
[3]. Trong nghién clru nay, xem xét dén nong do
va lvong ldng dong céc ion: nss-SO,*, nss-Ca*,
NH,’, NO,  va H*. Néng d6 va luong lang dong
cacion duoc tinh todn va céng bé theo céc cong
thirc cia EANET.
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Cacion H*, nss-SO,?, nss-Ca** duoc tinh theo
cac cong thire sau:

e[ #mol ) (e
L

[nss—SOaz] = [SSO42] —0,06028 x [Na*]

[nss-Ca?*] = [Ca?*] —0,02161 x [Na]

Lwong 13ng dong wét (Dw) dugc tinh nhu sau:
Dw = 6’xP

6:2(Cie)/zp;

Trong do:

Dw: Lwong lang dong wdt theo thang (umol/
m?2/thang)

P: Tong lugng mua thang (mm)

C: Nong dé ion trung binh thang (umol/L)

C: Nong do ion trung binh ngay (umol/L)

P.: Tong lugng mua ngay i (mm)
2.2. Phwong phdp

Seasonal Mann-Kendall duoc phat trién bdi
Hirsch va cong su (1982), nham muc dich phat hién
xu thé thay déi cia ndng do cac chat va cic bién
khi hau, SMK d&c biét dugc ap dung dé danh gid
xu thé& cho cac bién cé anh huéng bdi yéu té mua.
Hon nita, SMK khong nhay cdm déi vai cac truong
hop bi thiéu dit liéu va dit liéu 16i [10].

Ung dung phuong phdp kiém nghiém phi

Bieu do ling dong H

]:'.

i % il k&g » . il Gl
VAN QNSRRI N R L L0 B0 0 VR W |

Bieu do ling dong NOy

tham s6 Seasonal Mann-Kendall dé danh gia
xu thé thay déi nong dd va mirc do 1dng dong
clia cac chat 6 nhiém duwoc st dung trong nhiéu
nghién ctru trwdce day [2, 5, 7]. P6 dbc xu thé
SMK wéc tinh bang dé doc Theil-Sen [13] trong
bai bdo duoc quy wdc la dd déc Sen’slope.

Kitayama (2012) wdc tinh sy thay déi hang
nam (ty I& %/ndm) trong Iang dong ion duoc
tinh theo céng thirc:

Thay d6i = (Pé Idn cua d6 déc xu thé)/(ldng
dong trung binh ) x 100%

Nhitng thay d&i hang ndm vé ndng dé ion va
lvong mua cling dwoc xac dinh tuwong tu.
3. Két qua

3.1. Ldng dong cdc ion theo thdng

Nhu miéu td & trén, trong nghién cltru st
dung so liéu 4 tram 13 Ha N6i, Hoa Binh, Cuc
Phuong va Da Nang dé danh gia, phan tich xu
thé clia lang dong wét. K&t qua cho thay, luvong
lang dong H* trung binh tir 307,3-1.167,5umol/
m2/thang (Bang 1), cao nhat tai tram Da Nang
va thap nhat tai tram Ha Noi. Lwong Iang dong
H*1&n nhat tai tram Da Nang va nhd nhat tai Ha
NGi v&i gid tri lan luot 24.414 umol/m?/thang va
0,08 umol/m?/thang (Hinh 1).
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Hinh 1. Dién bién ldng dong wdt theo
cdc thdng
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Tong luvong lang dong NO* tap trung chi
yéu vao mua hé va mua xuan tai tram Ha Noi
va Hoa Binh; & tram Da Nang tap trung chi yéu
vao mua déng va mua thu; & tram Clc Phuong
c6 sy chénh léch khong dang ké gilra cac mua.
Luong lang dong NO* cao nhét tai tram Ha Noi
va thap nhat tai tram Da Nang vdi gid tri lan
lwot: 3.550,3umol/m?/thang va 1.404,4umol/
m?/thang (Hinh 1).

Lang dong nss-SO,> tai tram Da Nang dao
dong kha lén gilra cdc thang trong nam, co gia
tri 1&n nhat la 25.254pmol/m?/thdng va nho
nhat 13 30,7umol/m?/thang. Gia tri trung binh
tai cac tram Ha NG6i, Hoa Binh, Cuc Phuong va
Pa Nang lan luot 13 4.815,7umol/m?/thang,
3.228,8umol/m?/thang, 3.400,2umol/m?/
thang, 2.624,3 umol/m2/thang. Nhu vay, lang
dong nss-SO,* tai tram Da Nang thap nhét trong

4 tram.

V&i lang dong nss-Ca?*, gia tri I&n nhat dwoc
thay tai tram Da Nang va gia tri nhé nhat tai tram
Hoa Binh v&i gid tri lan lwgt: 28.956,7umol/
m?/thang va 22,6umol/m?/thang. Theo gia tri
trung binh, 18ng dong tai tram Da Nang cé gia
tri 1&n nhat sau dé dén Cuc Phuong, Ha Noi va
Hoa Binh vdi gia tri lan luot: 4.505,0umol/m?/
thang, 4.353,8umol/m?/thang, 3.233,9umol/
m?/thang, 2.270,0umol/m?/thang (Bang 1).

Vi lang dong NH,* gid tri I6n nhét dugc thay
tai tram Da Nang va gid tri nho nhat tai tram Hoa
Binh va&i gid tri [an lwot: 38933,4umol/m?/thang
va 18 umol/m?/thang. Gia tri lang dong trung
binh & cac tram Ha Noéi, Hoa Binh, Clc Phuong
va Pa Ning lan lvot 1a: 7.817,4pumol/m?/thang,
4.473,3umol/m?/thang, 2.793,3umol/m?/
thang, 3.316umol/m?/thang.

Béng 1. Gid tri trung binh thdng ldng dong cdc ion, d6 déc Sen’ slope, mirc y nghia p tai cdc tram

Tram H* NO, nss-SO > NH* nss-Ca?
Ha Noi Trung binh 307,3 3550,3 4815,7 7817,4 3233,9
Do déc Sen -1,3 194,1 87,2 183,0 113,8
p 0,0825 <0,0001 0,0026 0,0003 0,0001
Hoa Binh Trung binh 743,8 2562,9 3228,8 4473,3 2270,0
Do déc Sen -9,6 106,7 36,5 119,5 29,5
p 0,0921 < 0,0001 0,2085 < 0,0001 0,1778
ba Ngng Trung binh 925,5 2643,2 3400,2 2793,3 4353,8
Do déc Sen -10,9 -45,5 -84,1 65,8 -82,4
p 0,6660 0,1774 0,2572 0,3880 0,6273
Cuc Phuong Trung binh 1167,5 1404,4 2624,3 3316,0 4505,0
Do déce Sen -51,3 -81,8 -47,4 4,5 496,7
Bdng 2. Murc d6 thay déi ldng dong theo ndm (%)
Tram H* NO, nss-SO,* NH* nss-Ca?
Ha Noéi -0,43 5,47%** 1,81** 2,34%** 3,52%**
Hoa Binh -1,29 4,16%** 1,13 2,67%** 1,30
Cuc Phuong -1,17 -1,72 -2,47 2,35 -1,89
Pa Nang -4,40%** -5,82%** -1,81* 0,14 11,03***

Chu thich: * wrng véi mure y nghia (p<0,05)
** (rng vdi murc y nghia (p<0,01)
*** (rng voi murc y nghia (p<0,001)
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Bdng 3. Mire d6 thay déi néng dé va lvgng muwa theo ndm (%)

Tram H* NO, nss-SO,* NH* nss-Ca? Lwong mua
Ha Noi -1,12%* 3,83*** 0,47 1,33%** 0,75%** 0,45
Hoa Binh -0,85* 3,48%** 0,68 2,31%%* 1,21* -0,09
Cuc Phuong -3,45 -8,59* -6,23%** 0,09 -2,39%* 1,80*
DPa Ning -10,13*** -8,95%** -2,63* 0,72 12,67*** 0,29

3.2. Xu thé ldng dong cdc ion

Gia trung binh Idng dong theo thang cla cac
tram, d6 déc Sen va mirc y nghia theo gia tri p
duwoc trinh bay trong Bdng 1. Trong d0, tinh toan
theo SMK cho tlrng ion va theo cdc tram, cac
gia tri p>0,05 dugc cho 13 cac két qua tinh todn
khéng théa man theo mirc y nghia xem xét va
sé bi loai bd. Cac tram va cac ion c6 mirc y nghia
p<0,05 duoc xem xét dé wdc tinh xu thé lang
dong cho céc ion tai cac tram. Cac gia tri p nho
nhat xuat hién tai cac vij tri: Tram Ha Noi vdi ion
NO,; tram Hoa Binh vaiion NO,, NH,*; tram Da
Nang vai céc ion H*, NO," va nss-Ca*.

Mic do thay déi lang dong hang ndm duorc
trinh bay trong Bang 3. Cac tram Ha Noi va Hoa
Binh ¢ xu thé ting lang dong trong ca thoi ky
tinh todan lan Iuot 1a 5,47%/nam va 4,16%/nam.
Nguyén nhan do su gia tang lwgng phat thai, va
déng gép 6 nhiém khong khi tir cac khu vuc 1an
can. Theo dit liéu phat thai tir EDGAR [18] t&r ndm
2000-2012 lwgng phdt thdi NO_ ting tir
439,59%10°-945,5%10° kg mirc tang trung binh
theo cac nam la 6,66%. Duong Hong Son (2013),
6 nhiém khong khi tir khu vure phia Dong Bac anh
hudng dén mién Bac Viét Nam ddi voi NO, vao
mua déng va mua hé [an luot la: 48% va 1,5%.
Dam Duy An (2016), ty Ié 13ng dong khé NO, tai
mién Bac Viét Nam cé ngudn gdc tir cac qudc
gia 1an can vao cac thang 1, 2, 6 va 8 lan luot
la: 22,31%, 15,66%, 10,78% va 11,13%. Diéu nay
giai thich xu thé& ting lang dong NO, ctatram Ha
N&i va Hoa Binh; tuy nhién, chwa giai thich duoc
xu thé& giam ldng dong NO, tai Cuc Phuong va
Da Nang.

Tai tram Ha Noi, c6 mic ting lang dong
nss-SO,> 16n nhat véi gid tri 1,81%/nam.
Luwong phat thai SO, tir ndm 2000-2012 tdng tir
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Chd thich: * trng véi mire y nghia (p<0,05)
** (*'ng voi murc y nghia (p<0,01)
*** (*ng véi murc y nghia (p<0,001)
324,15*%106-745,55*10° kg [18] mirc tang trung
binh theo cédc ndm |3 7,29%. Theo Duong Hong
Son (2013), vao mua déng 6 nhiém khdng khi
tr khu vue phia Pong Bac anh hudng dén mién
Bac Viét Nam kha lon 55% d6i véi SO,; theo
Dam Duy An (2016) ty & lang dong khé SO, tai
mién Bac cé ngudn goc tir cac qudc gia 1an can
tr12,63-28,61%.

Xu thé |dng dong ion NH,* chi tai tram Ha Noi
va Hoa Binh thda ma3n muc y nghia (p<0,05).
Tram Da Nang c6 murc tang lang dong NH,* thdp
nhat va nho hon khoang 20 [an so véi cac tram
con lai, lang dong NH," tai Da Nang c6 murc
tang 0,14%/nam, cac tram con lai tang twr 2,34-
2,67%/nam.

Lang dong nss-Ca% c6 murc ting trung binh
3,94%/nam tai 4 tram, tram Da Nang cé mirc
tdng cao nhat 1én tdi 11,03%/nam, duy nhat
tram Cuc Phuong cé lvong lang dong gidm 1a
-1,89%/nam.

3.3. Xu thé ctia néng dé cdc ion

D& phan tich nguyén nhan gay ra xu thé trong
lang dong ion, trong nghién clru d3 tién hanh
phan tich xu thé cldia néng d6 cac ion va luong
mua (Bang 3). Twong tu véi lwong lang dong,
két qua tinh cho néng d6 cac ion va lugng mua,
vdi cac xu thé khéng dat mirc y nghia cé khodng
gia tri p tr 0,056-0,876. V&i cac két qua cd xu
thé (p<0,05) néng dd ion H* c6 sy thay d6i hang
nam tir -10,13%/nam dén -0,85%/nam. Co6 thé
giai thich nguyén nhan gay ra xu thé& giam ling
dong ion H* l1a do xu thé& gidm néng dé ion H*
trong nwdc mua. Khi néng do ion H* trong nuéc
mua giam cé nghia cac khu vuwec ndy cé xu thé
gidm mua axit hang ndm. Trong 4 tram xem xét,
duy nhat cé tram Clc Phuong la cé xu thé khéng
theo mirc y nghia (p<0,05) d6i vdi ca ndng do
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va lang dong ion H*. Tram Ha Noi va Hoa Binh
c6 xu thé gidm ndng dd nhung khéng cd xu thé
giam trong |ang dong nén chwa thda man mic y
nghia (p<0,05).

Véiion NO,, khi néng d6 ion tai Clc Phuong
va Da Nang cé xu thé giam véi mirc gidm hang
nam khoang -8%/nam gay ra xu thé giam lwong
lang dong tai 2 tram nay. Trong khi d6, tram Ha
NOi va Hoa Binh c6 xu thé tang nong d6 NO,
tir 3,48-3,83%/ndm va lang dong tang tur 4,16-
5,47%/nam.

Tuwong twNO,, ion nss-SO,* c6 xu thé tang nong
do6 va tang lang dong tai Ha Noi, Hoa Binh, va c
xu thé gidm ndng do va giam lang dong tai Clc
Phuong, Da Nang. Theo két qua tinh todn, trung
binh 4 tram cé mirc gidam néng d6 -1,93%/ndm.

Véi NH,*, ca nong do va lang dong déu cé xu
thé tang cd y nghia (p<0,05) tai tram Ha Nbéi va
Hoa Binh; v&i tram Cldc Phuwong va Hoa Binh,
déu khéng dat mdc y nghia (p<0,05). Theo két
qua tinh todn, 4 tram c6 mirc tdng ndng do tur
0,09 -2,31%/nam, dan t&i tang lang dong NH,*.

V&i nss-Ca*, mirc tang ndng dd trung binh
tai Da Nang 13 12,67%/ndm dan t6i lwvong lang
dong tang 11,03%/nam. Tram Ha Ndi, Hoa Binh
cd muirc tang ndng d6 trung binh lan luot 13

0,75%/ndm va 1,21%/ndm dan tdi ting lwong
lang dong trung binh 13 3,52% va 1,3%/nam.

Cuc Phuong la tram duy nhat cé xu thé tang
lwvgng mua théa man (p<0,05) va cé murc thay
déi hang nam 1,8%/nam, day cling la muc thay
d&i 1on nhat trong 4 tram. Cac tram con lai c6
murc thay ddi tir -0,09%/nam dén 0,45%/nam.
4. Két ludn

Cac tinh toan d3 danh gid dwoc xu thé ldng
dong cac ion theo th&i gian tai 4 tram Ha Noi,
Hoa Binh, Clc Phuong va a Nang. Ling dong H*
c6 xu thé gidm tai tat ca cac tram, murc thay déi
lang dong dao dong tir -4,4%/ndm dén -0,43%/
nam. Trong khi d6, lang dong NO, va nss-SO >
c6 xu thé ting tai 2 tram Ha Noi, Hoa Binh va
giam tai 2 tram Cuc Phuong va Pa Nang. Ling
dong NO, c6 xu thé rd rang tai Ha Noi, Hoa Binh
va Pa Nang. lon nss-SO,* c6 xu thé rd rang tai Ha
NGi va Ba Nang. NH,* cd xu thé rd rang tai Ha Noi
va Hoa Binh, nss-Ca? cé xu thé rd rang tai Ha Noi
va Pa Nang. Trong 4 tram tinh todn, chi cé Cuc
Phuong 1a khong cé xu thé ré rang véi tat ca cac
ion. Nhu vy, c6 thé nhan thay, tai cc tram cla
Viét Nam thudc mang lwdi EANET, xu thé lang
dong cla céc ion phu thudc chl yéu vao xu thé
néng dé céac ion trong nuwdc mua.
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Abstract This paper presents the non-parametric test method Seasonal Mann-Kendall (SMK) to evaluate

the tendency of wet deposition of nss-SO,?, nss-Ca*, NH,*, NO_ and H* ions at four stations in Ha Noi, Hoa
Binh, Cuc Phuong and Da Nang during the period from 2000 to 2018. According to this, the deposition of H*
tends to decrease caused by the reduction of H* concentration in rainwater, the average annual reduction
of deposition ranges from 0.43%/year to 4.4%/year. The deposition of NO, and nss-SO * tend to increase
in Ha Noi and Hoa Binh; conversely, they decrease in Cuc Phuong and Da Nang. Besides, the ion NH,* has a
clear tendency to increase in Ha Noi and Hoa Binh with an average annual increase from 2.34-2.67%/year.
The nss-Ca* also has a clear increased trend in Hanoi and Da Nang with an average annual rate at 3.52-

11.

88

03%/year.
Keywords: Wet deposition, Mann-Kendall, trend.
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