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Tém tat: Vi chudi sé liéu quan trdc Idng dong wdt trong 15 ném (2000-2014) cta 54 tram gidm
sdt Idng dong axit thuéc Mang ludi EANET, xu thé bién d6i cla Idng dong axit duoc xdc dinh bdng
phuwong phdp kiém nghiém phi tham sé Seasonal Mann-Kendall. Két qud chi ra rdng, Idng dong cla
ion H* va nss-SO,* nhin chung c6 cung xu thé gidm trén toan viing Péng A, ngoai trir mét sé it tram
& khu vire Péng Nam A 1a c6 xu thé téing. Nhw vdy, cé thé nhdn thdy rdng, hién tuong mua axit ndi
chung d@ co xu thé gidm trén hdu khdp ving Béng A. Tuy nhién, déi vdi ldng dong ion NO, lgi ¢ hai
Xu thé'rd rét: Xu thé gidm & khu vurc Béng Bdc A va xu thé'ting & khu vire Déng Nam A.

Tir khéa: Ling dong axit, xu thé, Seasonal Mann-Kendall, EANET.

1. Mé& dau

Lang dong axit 1a mot hién tuwong da duoc
phat hién tir 1u song dwoc chd y nhidu nhat
tir khodng nhirtng ndm 1980 cho dén nay do
tac hai cla ching gay ra & nhiéu quéc gia, khu
vuc trén thé gidi. Lang dong axit duoc tao
thanh trong diéu kién khi quyén 6 nhiém do
sy phat thai qua mirc cac khi SO,, NO_tlr cac
nguoén thai cdng nghiép va cé kha ndng lan xa
t&i hang tram, hang nghin kilomet. B&i véy, c6
thé ngudn phat thai sinh ra tir qudc gia nay
nhung lai cé thé anh huédng tdi nhiéu quéc
gia 1an can do sy chuyén déng quy mé 1én cua
ching trong khi quyén. Ldng dong axit cé thé
gay ra nhirng hdu qua nghiém trong nhu: Lam
hu hai mua mang, giam nang suat cay trong,
pha hdy rirng cdy, de doa cudc séng cua cac
loai sinh vat, pha hoai céc cdng trinh kién truc,
xdy dwng, dnh hudng nghiém trong tdi sirc
khée cta con nguoi. Nhitng tdc dong tiéu cuc
nay thuong kéo dai va khé khac phuc. Bdi vay,
lang dong axit 1a van dé mang tinh khu vurc,
can sy quan tdm va chung tay gidi quyét cla
cac qudc gia.

N3m 1999, Mang luéi gidm sat lang dong

axit vung Bong A (EANET) dwoc thanh 1ap gom
9 qudc gia trong d6 cd Viét Nam. Pén nay,
EANET d3 cé 13 qudc gia thanh vién va phat
trién dugc hé théng 58 tram giam sat lang
dong wét. Cac tram nay tudn thd hudng dan
ky thuat chung cia EANET va dam bao chat
lvgng/kiém sodt chat lwgng (QA/QC) theo quy
dinh cla EANET. Cac tram giam sat lang dong
axit cia mang EANET chinh thirc cung cap s6
liéu tir nd3m 2000 dé&n nay. V&i chudi s6 liéu 15
nam (2000-2015), viéc nghién clru danh gia
hién trang cling nhw xu thé thay d6i cha mirc
do 1ang dong axit trong khu vuc Dong A 13 rat
guan trong gilp ching ta cd cdi nhin khai quat
vé tinh trang lang dong axit cling nhuw ddnh gia
hiéu qua cla cac bién phap giam phat thai 6
nhiém khéng khi trong thoi gian qua.

Bai bdo nay s& gidi thiéu két quad danh giad
xu thé bién doi clia 1ang dong axit wét tai cac
tram thudc Mang luéi gidm sét lang dong axit
vung Doéng A (EANET), dwa trén phwong phép
tinh todn kiém nghiém xu thé& phi tham sé
Seasonal Mann-Kendall. Viéc ap dung phuwong
phdp tinh todn xu thé& nay khac vdi phuong
phdp binh phuong téi thifu ma céc nghién

TAP CHi KHOA HOC BIEN POI KHi HAU
S8 1- Thang 3/2017




clru trude day da dung, két hop véi viéc kiém
nghiém mdrc y nghia cla xu thé va biéu dién
két qua dén tirng diém tram la nhitng déng
gop mai cla bai bao nay.
2. S8 liéu va phuong phap nghién ciru
2.1. Ngubn s6 liéu quan trdc

Hién nay, trong s6 58 tram quan trac lang
dong axit cia EANET c6 54 tram dép &rng yéu
cau vé sd lidu theo quy dinh cda EANET (yéu
cau vé sy day di téng lvgng mua (total precip-
itation-TP), th&i gian mua lién tuc (precipita-
tion coverage length-PCL) va chat lwvgng cla sé
liéu (data quality ojective-DQO)). S6 liéu trung
binh thang mic do lang dong wét (mmol/
m?) cGa 3 ion: H*, nss-SO,> (SO,* cé nguoén
goc khong phai tir mudi bién), NO," thu thap
tlr 54 tram ca mang EANET sé& duoc st dung
dé danh gid xu thé. Pay 1a 3 ion quan trong
thé hién mrc d6 1ang dong axit bdi ban chat
cla mua axit la do sy c6 mat cla axit H,SO, va
HNO, trong nuwdc mua. Chudi sé liéu duoc thu
thap lién tuc trong 15 nam (2000-2015).
2.2. Phwong phdp kiém nghiém phi tham sé
Seasonal Mann-Kendall

Kiém nghiém phi tham s Seasonal Mann-
Kendall nham xac dinh xu thé cla mét chudi
s6 lidu (tdp mau) da dwoc sdp x&p theo trinh
ty thoi gian. Phuong phap nay so sanh dé
lén twong d&i clia cac phan t&r cGa chudi chi
khdng xét chinh gia tri cha cac phan tlr. Diéu
nay gilp tranh dugc xu thé gid tao do mot
vai gia tri cuc tri cuc bd gy ra néu s dung
phuong phap tinh todn xu thé tuyén tinh bang
binh phuong t8i thiéu théng thudng. Mot wu
diém nira cha phuwong phap nay 1a khong can
quan tam viéc tap mau tuan theo luat phan
b6 nao. Cac cdng thirc tinh todn d3 4p dung
vdi phuwong phdp nay duoc moé ta ngan gon
dudi day.

Gia st ¢ chudi so liéu trinh ty thoi gian
theo thang (xi, Xi,..., Xi ) v&i xi biéu dién s&
liéu tai thoi diém i cho cdc namtir 1, 2... n.

Gia tri thdng k& Mann-Kendall tai thang i
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(Si) duogc tinh nhu sau:

n;—1 n;

S, = Z Z:sgn(xij — xik)
k=1 j=k-+1
Trong do,
Sgn(xij — xik)= 1 khi xij — xik >0
0 khi xij — xik =0
-1 khi xij — xik <0

Gia tri thong ké Mann-Kendall cla tat ca
cac thang (S') dugc tinh nhu sau:

S’=§;Si

Trong do, m 13 s cac thang trong 1 nam,
m=12.
L|if3’|>0
JVAR(S)
0if S'|=0
!+1
VAR (S')
vai VAR(S’) la phwong sai cta S, duoc tinh
b&i:

GZy =

lif S'|<0

VAR(S)) = iVAR(Si)

i=1
va VAR (Si) |a phwong sai cua Si, duoc tinh
theo cong thirc sau:

4
VAR(Si)=118 n, (n,=1)(2n,+5)- Y, (8, -1)(2¢, +3)
n=l

Trong do, g, la s6 nhom trong trong thang
thivat la s6 phan t&r thuéc nhém p trong
thang thi i.

Z, 6 phan bd chuan chuan hoéa N(0,1). Gia
trj Z,, dwong thé hién chubi co xu thé ting, 4m
thé hién chudi cé xu thé& gidm. Do Z € N(0,1)
nén viéc kiém nghiém chudi cé xu thé hay
khong tré nén don gian.

Trong nghién ctu ndy, cic gid tri xu thé
duoc chira véi mirc y nghia 5% (p<0,05), nghia
la xac suat pham sai lam loai 1 13 5%.

Seasonal Mann-Kendall la phuwong phap
kiEm nghiém phi tham s8, xac dinh xu thé& déi
v&i chudi sb lidu cé sy bién thién theo mua.
Phuwong phap nay duoc lwa chon st dung
trong nghién cru la do ban chat cdia mirc do




lang dong wét axit phu thudc vao lwong mua
va mirc d6 6 nhiém khong khi, vi vdy né bi anh

huwdng bdi yéu td mua.
3. Két qua va phan tich

Két qua xac dinh xu thé l1ang dong wdt cla
cac ion H*, nss-SO,%, NO,” duoc thé hién qua
chi s6 Z (Bang 1) va gid tri p thé hién muc y
nghta cla chi s6 Z xac dinh duoc.

Bdng 1. Xu thé bién déi cua Idng dong wdt trong giai doan 2000-2015

T Tén tram Tén quéc gia H* NO, nns-SO,>

4 P
1 Phnom Penh Campuchia 0,09 0,233
2 Guanyingiao Trung Quéc 0,08 0,353
3 | Haifu Trung Quéc 0,051
4 Jinyunshan Trung Quéc 0,129
5 | Shizhan Trung Quéc
6 Weishuiyuan Trung Quéc
7 | lJiwozi Trung Quéc
8 | Hongwen Trung Quéc
9 | Xiaoping Trung Quéc
10 | Zhuxiandong Trung Quéc -0,06 0,483 -0,21 | 0,127 | -0,25 0,075
11 | Xiang Zhou Trung Quéc
12 | Jakarta Indonesia
13 | Serpong Indonesia
14 | Kototabang Indonesia
15 | Bandung Indonesia 0,08 | 0,153 | 0,11 0,072
16 | Maros Indonesia 0,02 | 0,791 ] 002 | 0860
17 | Rishiri Nhat Ban 0,11 | 0,064 | 0,03 0,622
18 | Ochiishi Nhat Ban -0,03 0,630 0,08 | 0,265 | -0,04 0,547
19 | Tappi Nhéat Ban -0,04 0,501 0,08 | 0,221 | 0,04 0,501
20 | Sado-seki Nhat Ban -0,02 0,773 0,10 | 0,208 | 0,05 0,358
21 | Happo Nhat Ban 0,03 | 0,654
22 | ljira Nhat Ban
23 | Oki Nhat Ban 0,09 0,120 0,09 | 0,112 | 0,01 0,818
24 | Banryu Nhé&t Ban 0,02 0,658 0,01 | 0,862 | 0,00 0,976
25 | Yusuhara Nhat Ban 0,02 0,682 -0,01 | 0,884 | 0,01 0,815
26 | Hedo Nhé&t Ban -0,05 0,353 -0,01 | 0,909 | -0,03 0,622
27 | Ogasawara Nhéat Ban -0,08 0,162 -0,02 | 0,679 | -0,04 0,493
28 | Tokyo Nhat Ban -0,09 | 0,284 | -0,07 0,434
29 | Petalinglaya Malaysia -0,04 0,476 -0,02 0,753
30 | TanahRata Malaysia -0,04 0,525 -0,02 | 0,783 | 0,07 0,205
31 | DanumValley Malaysia -0,13 0,166 0,02 | 0,775 | -0,03 0,734
32 | Kuching Malaysia -0,16 0,083 -0,02 | 0,792 | 0,17 0,069
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33 | Ulaanbaatar Mbng C6

34 | Terelj Mbéng C6

35 | Yangon Myanma

36 | MetroManila Philipin

37 | LosBanos Philipin

38 | Mt,Sto,Tomas Philipin

39 [Kanghwa Han Quéc

40 | Cheju Han Quéc

41 | Imsil Nga

42 | Mondy Nga

43 | Listvyanka Nga

44 | Irkutsk Nga

45 | Primorskaya Nga

46 | Bangkok Thdi Lan

47 | Samutprakarn Thdi Lan

48 | Pathumthani Thai Lan

49 | Chiang Mai Thai Lan -0,05 | 0,444 | 0,00 0,974

50 | Nakhon Ratcha- | Thai Lan -0,12 | 0,168 | -0,10 0,203
sima

51 | Ha NI Viét Nam

52 | Hoa Binh Viét Nam 0,02 0,706

53 | Cdc Phuong Viét Nam 0,04 | 0699

54 |DPaNang Viét Nam -0,08 | 0,500 | -0,08 0,500

Ghi chu: chi s6 Z dwong/dm thé hién xu thé ting/gidm.

thé hién murc y nghia p<0,1;

a) Xu thé'ldng dong ion H*

Téng lvong lang dong cta ion H* cé xu
hudng giam rd rét theo thoi gian & hau khap
cac tram trén toan vung. Trong 54 tram, cé
24 tram (chiém khodng 44%) dugc phat hién
c6 xu thé bién d6i théa man mirc y nghia 5%
(p<0,05), trong d6 phan lén (18 tram) cé xu
hudng gidm theo thoi gian,va chi cé 6 tram
c6 xu hudng tang, cu thé 1a Phnom Penh
(Campuchia), Jinyunshan (Trung Qud&c),
Jakarta va Kototabang (Indonesia), Rishiri
(Nhat Ban), Ulaanbaatar (Méng C8) (Hinh 1a).

b) Xu thé ldng dong ion nss-SO >

Twong ty nhu ion H*, mirc 1dng dong ion
nss-S0,* ciing c6 xu thé giam & hau khap
cac tram theo th&i gian. Trong 54 tram quan
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hé hién murc y nghia p<0,05

trac, chi cé 14 tram thda man muic y nghia
5% (p<0,05), trong d6 cé 12 tram c6 xu thé
giam va chi cé 2 tram cé xu thé ting, cu thé 13
Kotobang (Indonesia) va Ha No6i (Viét Nam)
(Hinh 1b).
c) Xu thé ldng dong ion NO;

Trong 15 tram théa man muc y nghia 5%,
8 tram cé xu hudng gidm va 7 tram cé xu
hudng ngay cang tang la Phnom Penh (Campu-
chia), Guanyingiao (Trung Quéc), Kototabang
(Indonesia), Petalinglaya (Malaysia),
LosBanos (Philippin), Ha Noi, Hoa Binh (Viét
Nam). Khac vdi 2 ion H* va nss—SO42‘, lang dong
claion NO3- ¢d 2 xu thé rd rét: Xu thé gidm &
khu vuc Dong Bac A va xu thé ting & khu vuc
Dong Nam A (Hinh 1c).




Cé thé nhan thay trong giai doan 2000-
2015, murc 13ng dong cla 2 ion H* va nss-SO42‘
¢ cung xu thé gidm trén hau hét cac tram,
ngoai trlr mot s6 tram & khu vyc Ddng Nam A
¢ xu hudng ting. Tuy nhién, xu thé lang dong

ion NO, lai thé hién 2 xu huwdng khac biét: Xu
thé gidm & h3u hét cac tram thudc khu vyc
Dong Bac A va xu thé ting & cac tram thudc
khu vuc Bong Nam A.
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4, Két luan

Trong bai bdo nay, nhom tac gid da s
dung phuong phap kiém nghiém phi tham s6

Seasonal

Mann-Kendall d& danh gid xu

b) lon nss-SO >

Ghi chu: Xu thé tdng/giam trng vdi hinh
tam gidc hudng Ién/xubng. Vi gid tri xu thé
théa médn murc y nghia p<0,05 thi tam gidc
duoc té dac.

Hinh 1. Xu thé ldng dong cla cdc ion H* (a),
nss-SO - (b), NO, (c)
tai cdc tram giam sdt axit EANET

thé thay d6i mic do ldng dong cla 3 ion
dai dién cho tinh axit trong nudc mua: H*,
nss-SO,*, NO, trong giai doan 2000-2015. Day
la phwong phdp xac dinh xu thé da duoc st
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dung rong rai trén thé gidi, tuy nhién & Viét
Nam thi con kha han ché, dac biét trong linh
vic nghién clru moi trwong. V&i nghién clru
nay, day la lan dau tién phuong phdp Sea-
sonal Mann-Kendall duvoc sir dung dé nghién
ctru xac dinh xu thé trong linh virc méi trwong
khong khi tai Viét Nam.

Két qua cho thay, vdi chudi sd lieu 15
nam, phuong phdp nay da xac dinh duoc xu
thé gidm ldng dong cla 2 ion H*, nss-SO,> noi
chung trén hau khap viing Dong A. D6i véi lang
dong ion NO," xac dinh dugc hai xu thé rd rét:
Xu thé& giam & khu virc Bong Béc A va xu thé
tdng & khu vwc Dong Nam A. Tuy nhién, do

chudi s6 liéu chwa d0 dai nén murc cé y nghia
cta phan tich thdng ké cha mét sd tram chua
cao, nhu vy cé thé dnh hudng tdi viéc déanh
gia xu thé cla toan vung.

Trong tuong lai khi cé chudi s6 liéu du dai
(20 - 30 ndm), nhdm tac gia s& tiép tuc nghién
clru ng dung phuong phap Seasonal Mann-
Kendall d& danh gid xu thé& thay déi mic do
lang dong axit cho vung Dong A. Pong thoi,
s& xac dinh thém do 1dn xu thé chudi (Sen’s
slope) - xu thé tang/giam theo cach vdc luong
cta Sen, P.K. Didu nay vo cung quan trong dé
dwa ra cai nhin chinh xac hon vé dién bién, do
l&n thay d&i va xu thé 1ang dong axit.
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RESEARCH ON ACID DEPOSITION TREND IN SITES UNDER ACID
DEPOSITION MONITORING NETWORK IN EAST ASIA (EANET)

Ngo Thi Van Anh, Duong Hong Son, Nguyen Thi Hang Nga,
Le Van Linh, Le Ngoc Cau, Tran Thi Dieu Hang
Vietnam Institute of Meteorology, Hydrology and Climate change

Abstract: Regarding the 15-year data series (2000-2014) of 54 acid deposition monitoring sites
within EANET network, the variable trend of acid deposition is identified by Seasonal Mann-Kendall
method. The depositions of both H* and nss-SO? is decreasing all over East Asia region in general,
except for a few sites in South East Asia which present the increasing trend. Though acid rain phenom-
enon has probably declined in almost region. However, the NO deposition shows decreasing figure in
North East Asia but increasing in South East Asia.

Keywords: acid deposition, trend, Seasonal Mann-Kendall, EANET.
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