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DANH GIA DU LUGNG AXIT XYANURIC TRONG NUGC MQT SO BE BOI
TAIHA NOI VA NGUY €O ANH HUONG SUC KHOE D01 VOI NGUGI BOI

CAI ANH TU", TRAN THI HUYEN NGA!
'Khoa Moi truong, Truong Dai hoc Khoa hoc Ty nhién, Dai hoc Quoc gia Ha Nji

Tom tat:

Clo ty do c6 tdc dung lam sach cdc yéu t6 gay 6 nhiém nudc bé boi nhu vi sinh vt va mét sé chdt thdi cia con
nguoi. Tuy nhién, duéi tdc dong ciia biic xa cuc tim ciia dnh sdng mdt trdi, clo ty do dé dang bi phan hiy, lam
suy gidm hiéu qua khii trimg. D€ khdc phuc han ché nay, axit tricloroisoxyanuric (TCCA) thuéng dugc bd sung
nhdm duy tri néng do clo ty do on dinh va kéo dai thoi gian tdc dung. Trong qud trinh phdn hity, TCCA tao ra
axit xyanuric (CYA) - mot chdt c6 khd ndng on dinh clo trong nudc. Tuy nhién, sy tich tu CYA 6 nong dé cao cé
thé gay dnh hudng tiéu cuc dén siic khée con nguoi. Hién nay, nhiéu quéc gia, trong dé c6 Viét Nam, chva ban
hanh quy chudn ky thudt quy dinh giéi han nong déo CYA trong nuéc bé boi. Theo khuyén cdo cia Quy quic
gia vé bé boi (National Swimming Pool Foundation - NSPF), Hoa Ky va T6 chiic Y té Thé giGi (World Health
Organization - WHO), nong dé CYA nén dugc kiém sodt duGi 100 mg/l d€ dam bdo hiéu qua khii tring va an
toan cho ngudi st dung. Nghién ciiu dugc thuc hién tai 5 bé boi trong mila boi tai Ha Néi da phdt hién nong do
CYA tqi 2 trong s6 5 bé. Bdng cdc phuong phdp: Ldy mdu nudc bé boi, phan tich mau, két quad nghién citu cho
thdy, bé P4 c6 nong déo CYA dao dong tii 36,28 dén 43,11 mg/l, nam trong giGi han khuyén cdo; trong khi do,
bé P1 cé nong do CYA ti¥ 267,87 dén 324,35 mg/l, vugt xa miic khuyén cdo, tiém dn nguy co giy dnh huéng dén
mat, da va hé hé hdp cia ngudi boi.

Tii khéa: Axit tricloroisoxyanuric, axit xyanuric, nudc bé boi, nguy cd siic khde.
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Evaluation of cyanuric acid residue in some swimming pools
in Hanoi and their health risk on swimmers

Abstract:

Free chlorine has an effective disinfectant against contaminants in swimming pool water, including
microorganisms and human waste. However, under ultraviolet radiation from sunlight, free chlorine is easily
degraded, reducing its disinfection efficacy. To overcome this limitation, trichloroisocyanuric acid (TCCA)
is commonly added to maintain a stable concentration of free chlorine and prolong its disinfectant action.
During decomposition, TCCA generates cyanuric acid (CYA), a compound that helps stabilize chlorine in
water. Nevertheless, the accumulation of CYA at high concentrations can adversely affect human health. At
present, many countries, including Vietnam, have not yet issued technical regulations specifying the permissible
concentration of CYA in swimming pool water. According to the recommendations of the National Swimming
Pool Foundation (NSPF) USA and the World Health Organization (WHO), CYA concentrations should be
maintained below 100 mg/l to ensure disinfection effectiveness and swimmer safety. The study, conducted at
five swimming pools during the swimming season in Hanoi, detected CYA concentrations in two out of the five
pools. Using methods such as swimming pool water sampling and laboratory analysis, the study found that
Pool P4 had CYA concentrations ranging from 36.28 to 43.11 mg/l, which falls within the recommended limits;
whereas pool P1 exhibited CYA concentrations ranging from 267.87 to 324.35 mg/l, significantly exceeding the
recommended levels and posing potential risks to swimmers' eyes, skin, and respiratory system.

Keywords: Trichloroisocyanuric acid, cyanuric acid, swimming pool water, health risks.

JEL Classifications: N50, N54, O13.

1. GIGI THIEU

Vé sinh bé boi 1a yéu cdu can thiét nham dam bao
an toan cho stc khée ngudi boi. Hai phuong phap
chinh thuong dugc ap dung trong xt ly nudc bé boi 1a
pha loang va khti trung. WHO va nhiéu qudc gia trén
thé gidi da ban hanh cac huéng dan nhdm giam thiéu

rti ro do cac yéu t6 vi sinh va héa hoc (WHO, 2006).
Trung tdm Kiém sodt va Phong ngtia Dich bénh Hoa
Ky (CDC) da cong bo cic thong tin lién quan dén vé
sinh va xt ly nudc bé boi (CDC, 2009). Tai Viét Nam,
Thong tu s6 02/2011/TT-BVHTTDL ctia B$ Van hoa,
Thé thao va Du lich quy dinh chat lugng nuéc bé boi
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phai tudn thu theo quy chuén ky thuét qudc gia vé chat
lugng nudc sinh hoat (QCVN 02:2009/BYT do B6 Y
t€ ban hanh).

Clola chatkhti trung phd bién va dugc st dung rong
rai. Clo ton tai dudi nhiéu dang, bao gom: Clo long
(natri hypoclorit - NaOCl); dang bdt hodc vién nén
(canxi hypoclorit - Ca(ClO),; natri dicloroisocyanurat
- C5CLN;NaOs; axit tricloroisoxyanuric - C;Cl3N;03);
khi clo dugc tao tai chd (Cl,). Khi hoa tan vao nudc,
clo chuyén thanh dang hypoclorit ¢6 kha nang vo6 hiéu
héa nhiéu loai vi khuén va virat nhung lai dé bi phan
hty nhanh chéng duéi tac dong cua tia cuc tim véi
budc song A = 290 - 350 nm. Vao nhiing ngay ning, ti
90 dén 100% HCIO c6 thé bi phan hiy nhanh choéng
trong vai phut boi cdc phan tng quang phan ma
chua kip phat huy hiéu qua diét khuidn (Baxter, 1994;
Anping et al.,, 2020).

2CI0- + UV > 2Cl- + O,

2HCIO + UV > 2HCl + O,

Mbi hgp chit clo déu c6 nhiing vu diém va han ché
riéng. NaOCl la chat khu trung ré tién, dé st dung, tuy
nhién axit hypocloro (HCIO) dugc tao ra lai khong bén
viing, dé bi phan hty dudi anh sang mat trgi. Ca(OCl),
c6 kha nang khti trung cao hon NaOCI, nhung ciing
dé bi phan huy khi tiép xtc anh sang mat troi, dong
thoi lam tdng do ciing ctia nudc (WHO, 2000).

Trong s6 cac hgp chit clo, TCCA & dang bot hodc
vién nén phd bién trén thi truong va dé dang stt dung
dé khu triing nudc bé boi. TCCA c6 tinh chat khac
biét so v6i cac dang con lai. Day 1a hgp chét hiiu co,
khong bi phan hty béi danh sang mit troi, nho doé lam
tang hiéu qua kh triing trong nuéc bé boi. Tuy nhién,
cac san phdm phu tao ra trong nudc ho khi st dung
TCCA la CYA (H5C;5N;0:53) va axit hypoclora (HOCI).
Ham lugng clo kha dung c6 thé dat t6i 90% (nhung
55% trong s6 do6 1a CYA), pH dao dong trong khoang
2,8 -3,0.

C3Cl303N3 + 3H,0 > CHs0sNs + 3HOCI

TCCA 1a hgp chat clo tan cham va dong thai cung
cdp chidt 6n dinh CYA vao nudc, gitp clo duy tri hiéu
luc dué6i anh nang mat trdi lau hon. Tuy nhién, TCCA
ciing c6 tinh chét dé bay hoi, dé ng va c6 tinh axit, diéu
nay c6 thé gay an mon cdc linh kién kim loai trong
hé thong bé boi. Khi d6, cac ion kim loai cé thé hoa
tan trong nudc va sau do két tla, gay ra hién tugng 6
mau trén bé mit bé (Falk et al., 2019). Ngoai ra, TCCA
c6 hiéu luc cao trong viéc tiéu diét vi khudn, tdo va
thudng dugc st dung trong xt ly nudc bé boi, nudc
cdp, nganh thudc nhudém. Hgp chat nay cling dugc st
dung nhu moét chat tdy trang trong cong nghiép dét
may, phd bién trong phong va tri bénh trong chan nu6i
thuy san, bao quan rau qua, xt ly hat giéng va trong
téng hgp hda hoc hiiu co... Tuy nhién, nhugc diém

CHUYEN DE 1/2025 | TAP CHi MOI TRUONG |

NGHIEN CUU

dang ké ciia TCCA la san sinh ra CYA - mét hgp chit
c6 thé gy anh hudng dén stic khoe con ngudi khi tich
tu trong nudc. Theo Bach khoa toan thu vé Hoa hoc
Cong nghiép (Encyclopedia of Industrial Chemistry,
2005), CYA dugc phan loai la “gan nhu khong doc”
(Huthmacher & Most, 2005), c¢6 hé s6 tich liy sinh hoc
(BCF) thap, dudi 0,5. Liéu gay chét trung binh theo
duong uong (LDso) 6 chudt la 7.700 mg/kg (U.S. Food
and Drug Administration, 2007). Nhung, & nong do
cao, CYA c6 thé giy ra mot s6 rui ro cho stic khoe nhu
gy rd6i loan tiéu hoa cdp tinh (Pickens, 2023; Yuan et
al., 2021; Zhu & Kannan, 2020).

Mot s6 nghién ctu doc tinh qua dudng uéng da
chi ra rdng CYA c6 thé gay ton thuong thin (gidn ong
thén, hoai tt hodc ting san biéu mo thén, thim nhiém
bach céu, ling dong khoang chat va xo hoa) (OECD,
1999). Mit khac, melamine va CYA c¢6 thé tao thanh
hoén hop gay anh hudng nghiém trong dén chiic nang
than (Dobson et al., 2008).

S& Y t€ bang Florida, Hoa Ky, quy dinh nong do
CYA trong nudc bé boi khong dugc vugt qua 100 mg/1
(ppm) nham ngén ngtia cdc bénh ly vé tiéu hoa, viém
da va cac vin dé stc khoe khic. O mot s6 qudc gia,
muc gidi han t6i da dugc cho phép ciing 1a 100 mg/],
theo khuyén nghi ttt CDC va NSPF - Hoa Ky.

Mac du van dé du lugng CYA da dugc quan tam
tai nhiéu qudc gia phat trién, tai Viét Nam, day la mot
cht dé con rat méi va chua dugc nghién ctiu mot cach
hé thong. Nghién ctiu khong chi la mét trong nhiing
khéo sat dau tién vé CYA tai cac b€ boi trén dia ban Ha
Noi, ma con md ra géc nhin méi vé moi lién hé gitia
viéc sti dung héa chét xti Iy nudc bé boi va cac rii ro
stic khoe tiém 4dn. Nghién ctiu dugc thuc hién dé khao
sat, phan tich va danh gia vé du lugng CYA trong nuéc
bé boi tai Ha Noi, tit d6 cung cdp di liéu ban dau dé
dé xudt cac tiéu chi kiém soat phi hgp trong cong tac
quan ly bé boi.

2. POI TUQONG VA PHUONG PHAP

NGHIEN CUU

2.1. Déi tugng nghién ciiu

Mau nudce thu thap ti 5 bé boi nam trén dia ban 4
quan trung tam ctia Ha Noi. Viéc 14y mau dugc thuc
hién vao 3 dgt trong ndm 2023, cu thé vao cic ngay
30/3, 4/4 va 17/4 1a noi va thoi diém c6 nhu cau boi
rat cao. Cac dia diém dugc chon déu la nhiing co s& ¢
quy md viia v6i lugng khach phuc vu nhiéu méi ngay.

2.2. Phuong phdp nghién citu

- Ldy mau nudc bé boi: Quy trinh 14y, bao quan
va van chuyén mau tuin tht theo huéng dan ldy mau
nudc TCVN 6663-11:2011 va TCVN 6663-3:2008 tai
5 bé boi thé hién ¢ Bang 1. 5 b€ boi dugc thu mau
tuong ting véi cac ma: P1 (quan Dong Da), P2 (quan
Ba Pinh), P3 va P4 (quan Céu Gidy), P5 (quan Hoang
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¢

Bang 1. Mgt s6 thong tin vé vi tri 1dy mau nudc 5 bé boi tai 4 quin ndi thanh Ha Noi

Toa do Ny 2 Khach/nga
B&boi Vi tri N T - D‘e?r;‘;h b | (1B tai e

khdo sdt)
P1 Quén Péng Da 21.01366 105.82309 300 200-300
P2 Quén Ba Dinh 21.03236 105.81714 300 200-300
P3 Quan Cau Gidy 21.04158 105.79403 300 200-300
P4 Quan Cau Gidy 21.02721 105.78452 400 200-300
P5 Quén Hoang Mai 20.99193 105.85127 300 200-300

Mai). Cu thé: Mau nudc dugc thu thap tai 4 goc va vi tri trung tam
cua bé boi, 6 do sau tii 0-30 cm.

- Phuong phép phan tich mau: Cac mau nudc bé boi duge phan
tich tai phong thi nghiém Khoa Méi truong, Truong Pai hoc Khoa
hoc tu nhién theo céc tiéu chudn hién hanh nhu TCVN 9048:2012
(ISO/TS 15495:2010) va TCVN 13804:2023 (ISO 23970:2021). CYA
dugc phén tich bang phuong phép sic ky 10ng hiéu ning cao (HPLC).
Thiét bi HPLC st dung la Chromaster L-5000 ctia hang Hitachi (Nhat
Ban), v6i dau do DAD, budc séng hép thu cuc dai (Amax) 1a 213 nm.
Cot sac ky st dung c6 kich thudc 220 x 4.6 mm, pha tinh ODS-C18,
kich thuéc hat 5 um. Pha dong la dung dich K,HPO, 0,01M, dugc
diéu chinh pH & mtic 6,7. T6c d¢ dong ctia pha dong la 1 ml/phut.
Thé tich mau tiém la 25 pl.

3. KET QUA VA THAO LUAN

3.1. Nong do CYA trong nudc bé boi

Trong 5 bé boi, bé P1 va P4 ¢ sy hién dién ctia CYA

Hinh 1 bao gém 6 sic ky do, bao gdbm mdt mau chudn CYA va 5
mau nudc bé boi. Hinh 1.a thé hién sic ky d6 cua dung dich chuin
CYA néng d6 50 ppm véi dinh xudt hién tai thoi gian luu la 4,7 phut.
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(f) Nong do CYA trong nuéc bé bai P5

Hinh 1. Sdc ky d6 ctia CYA trong cdc mau nuiéc bé boi
Nguon: Nhom nghién ciiu thuc hién
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Dua trén d6, mau nudc tai hé P1 va P4
xudt hién dinh tai thaoi gian luu 4,7 phaut,
chiing t6 mau nudc ¢ chiia CYA, trong
khi cdc mau nudc tai hé P2, P3 va P5
khong xuat hién dinh tai thoi gian nay -
c6 nghia la khong phat hién CYA trong
cac mau do. Su xudt hién cua CYA trong
nuéc P1 va P4 dugc xac dinh thong qua
dién tich dinh, tuong tng véi nong do
CYA trong mau nuéc.

Nong do CYA trong niidc bé boi P1

Theo Bang 2, nong do CYA trong
mau nudc bé boi P1 tai 3 thoi diém ldy
mau lan lugt la 267 mg/l, 312 mg/l va
324 mg/l. Theo khuyén nghi ctia NSPF
va WHO, néng d6 CYA trong cac bé boi
cong cong su dung clo khong nén vugt
qua 100 mg/l. Tai Hoa Ky, trong s6 49
bang c6 quy dinh cu thé, c6 t6i 12 mtc
giéi han khac nhau dugc xem 1a gi6i han
toi da cho CYA, dao dong tii 0 dén 150
mg/l. Khoang 50% céac bang ¢ Hoa Ky ap
dung gi¢i han 100 mg/l, trong khi NSPF
khuyén nghi khoang gia tri an toan la
tit 10 dén 100 mg/l (Cantu, 2005). Bang
New York la noi duy nhat cdm hoan toan
viéc st dung hda chat nay. Ngoai ra, c6
8 bang khong dé cap dén nong do CYA
trong cac tiéu chudn chat lugng nudc bé
boi. Nong do CYA tai bé bai P1 trong
nghién ctiu nay cao hon giéi han cho
phép tli 2 dén 3 lan theo tiéu chuédn cta
NSPF va CDC, Hoa Ky. Diéu nay cho
thdy bé boi P1 da st dung TCCA lam
chat khti trung, véi nong do CYA la kha
cao va co thé gay anh hudng tiéu cuc dén
stic khoe ctia nguoi boi (Bang 2).

Nong do CYA trong nudc bé boi P4

Bang 3 cho thdy bé boi P4 c6 chita
CYA v6i nong do dao dong tii 36 dén 43
mg/l, thap hon mic giéi han do NSPF va
CDC, Hoa Ky khuyén nghi. Theo Askins



Bang 2. Nong do CYA trong nuéc bé boi P1
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Bang 3. Nong do CYA trong nuéc bé boi P4

. , Nong do CYA (mg/1) 3 . Nong d6 CYA (mg/1)
Mau nuéc Mau nuéc

Pot 1 Dot 2 Pgt 3 Pot 1 Dot 2 Dot 3

P1.1 267,99 312,81 325,41 P4.1 37,98 40,22 42,65

P1.2 267,52 312,51 323,86 P4.2 34,73 41,31 43,04

P13 268,23 312,74 323,45 P4.3 37,05 40,79 42,33

P14 267,44 312,13 324,37 P4.4 35,98 41,56 43,71

P1.5 268,17 312,85 324,66 P4.5 35,67 40.87 43,80

Trung binh 267,87 312,61 324,35 Trung binh 36,28 40,95 43,11

(2011), noéng do CYA hiéu qua trong bé boi 1a khoang Néng d5 CYA trong nude bé boi

20 mg/l; khi nong dé CYA vugt qua 70 mg/l, hiéu luc 350
500

diét khudn cua clo khong ting thém, bat ké lugng clo bo
sung (Askins, 2013). Khoang gid trj ly tuéng cia CYA
dugc xdc dinh 13 20-70 mg/l. Theo Terry Chappell,
nong do CYA ly tudng cho bé boi thuong mai la 30 -
50 mg/l, phut hgp véi khuyén nghi cia NSPF va WHO
(Chappell, 2013).

Theo nghién cttu ciia Ummihan T. Yilmaz va Zehra
Yazar (2010), nong do CYA trong nudc bé boi tai
Ankara (Thé Nhi Ky) chi dao dong tu 2,54 dén 19,7
mg/1 va nghién ctiu ctia Liang et al. (2018) da kiém tra
ham lugng CYA trong nudc ctia 21 bé boi tai Con Son
(Trung Quoc) va cho thay nong do CYA la 2 - 79 mg/],
v6i gid tri trung vi 1a 20,0 mg/1 thap hon nhiéu so véi
muc tai bé P4.

Nhu vay, c6 thé thiy rang bé boi P4 da dugc su
dung TCCA lam chat khti trung va nong do CYA dao
dong trong khoang 30 - 50 mg/l, 1a muc cé hiéu qua
diét khudn, dong thoi it gay anh hudng dén stic khoe
con ngudi (Bang 3, Hinh 2).

3.2. Anh hudéng ciia CYA dén siic khée con nguivi

Két qua tu Hinh 2 cho thdy:

Khong phat hién CYA trong mau nuéc cua 3 ho boi
P2, P3 va P5. Co thé cac bé boi nay khong sti dung cac
loai chét khu triing chita CYA.

B& P4 c¢6 nong d6 CYA dao dong tit 35 - 45 mg/l,
trong khoang néng do hiéu qua, dam bao hiéu suit
khtt tring ma khong gay anh hudng dén stic khoe.

Ngugc lai, ho P1 c6 noéng do CYA vugt qua 100
mg/l, cao hon so v6i nong do gisi han la khoang 25
mg/l (Taylor Technologies, Inc., 2011) va gip 2-3
lan giéi han khuyén nghi tit NSPE, CDC (Hoa Ky) va
WHO. Noéng d6 nay c6 thé lam giam hiéu qua khu
trung va gay tich tu du lugng trong nudc.

Tdc hai ciia CYA:

Maic du nghién ctiu cia Wojtowicz (2001) tling
danh gia CYA 1a chét c¢6 doc tinh thap doi véi ngusi
va dong vat, nhung cdc dit liéu an toan hoa chit
(ScienceLab.com, Inc., 2012) lai chi ra ring CYA c6
thé gay tac dong cdp tinh nhe khi tiép xtc qua da, mat,

250
200
150
100

» I
]

NBng d6 CYA (mg/l)

111 Vi tri 1y miu
[ P2 P3 P4 P5
Dot 1 267.87 1] 3628 0
Dot 2 31261 a o 4095 0
Dot 3 32435 [t 1] 4311 0
NSPF 100 100 100 100 100
e P0t1 . O0T?  m—D0T3  ——— NSPF

Hinh 2. Biéu d6 nong dp CYA trong nudc 5 bé boi
Nguén: Nhom nghién ciiu thuc hién

ho hép va tiéu hoa, nhu: Phat ban da, bénh duong rudt,
kich ting mét va cac phan ting viém khac. Nghién ctiu
ctia Wang va cs. (2021) da tién hanh phoi nhiém chuot
duc vi thanh nién véi melamine va CYA - thong qua
dudng udng véi lieu 10, 20 va 40 mg/kg/ngay trong 4
tudn lién tuc c6 thé anh hudng x4u dén hé ndi tiét, cu
thé la suy giam chtic ndng tuyén giap, ti d6 dan dén
cac hanh vi lo au va tram cam (Wang et al., 2021). Thu
nghiém trén tho khi tiép xtc ngoai da va mat véi CYA
ghi nhén véi liéu 200-500mg/kg trong lugng co thé
gay kich ting nhe v6i da sau 24 gi6 va gay phan ting
nhe nhu do mat, khong gay ton thuong nghiém trong
(National Center for Biotechnology Information, n.d.).

Nhu véy, v6i nong do CYA cao nhit tai ho boi P1 la
325 mg/l, két hgp véi thai gian tiép xuc thuctétu 1 - 2
gio, la vugt ngudng an toan va c6 nguy co anh hudéng
dén da, mat, niém mac dudng ho hép va tiéu hoa.

4. KET LUAN

Khao sat nong do CYA trong nudc tai 5 bé boi &
Ha Noi cho thdy: 3 bé (P2, P3, P5) khong phat hién
CYA, c6 thé do khong st dung TCCA ma thay vao do6
la cac chat khi trung khac; mot bé (P4) c¢6 nong do
CYA dao dong trong khoang 36,28-43,11 mg/l, ndm
trong gi6i han an toan theo khuyén cdo ctia NSPF va
WHO (<100 mg/1); trong khi d6, mot bé (P1) c6 ndng
do CYA cao bat thuong, dao dong tu 267,87-324,35
mg/l, vugt gdp 2-3 lan ngudng khuyén cdo, tiém &n
nguy co giy hai cho mat, da va hé ho hap ctia ngusi
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stt dung. Tuy nhién, nghién ctiu con ton tai mot s6
han ché nhu: S6 lugng mau nudc va bé khao sat con
it, chua dai dién day du cho toan bo hé thong bé boi
tai Ha Noi; dong thoi, chua phan tich cu thé moi lién
hé gitia tan sudt sti dung TCCA va muc do tich lay
CYA theo thai gian. Tl két qua nay, nghién ctiu mé ra
hudng tiép can mdi trong viéc theo doi va kiém soat
cac hop chit phu sau khti triing trong bé boi — déc biét
la CYA - nhdm nang cao hiéu qua khti trung dong thoi
dam bao an toan cho ngudi st dung. Cac nghién ctu
tiép theo c6 thé mé rong pham vi khao sat, két hgp véi
phan tich dinh ky va dai han d€ xac dinh xu huéng tich
tu CYA va anh hudng stic khoe theo thoi gian. Trén co
s6 két qua nghién ctiu, nhom tac gia kién nghi cac co
quan quan ly nha nudc xem xét ban hanh quy chuén
ky thuat qudc gia vé giéi han CYA trong nudc bé boi,
dong thoi hudng dan céc co s& quan ly bé boi lya chon
va st dung hoa chat xt ly nuéc phut hgp nham dam
bao an toan stic khoe cong dongm
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