Nghién ciru khoa hoc céng nghé

NGHIEN CUU ANH HUONG CUA NONG DO HOI AXIT DEN HOAT
PONG TIN CAY CUA ONG TRINH POC OTD-36

HA NGOC THIEN ’, VUONG VAN TRUONG . pO THI THUY TRANG
1. PAT VAN PE

Chét doc loét da Yperit (HD, MOB-4 hay con duoc goi 1a khi mu tac) 1a mot
chét doc té bao duoc st dung trong nhiéu cudc chién tranh trude day nhu trong cudc
chién tranh gitra Vuong Qudc Anh va Hong Kong (1919), gitta Trung Quéc va Lién
X6 (1934), trong chién tranh Tan Cuong (1937), Puc ddi v6i Ba Lan va Lién X6
trong thoi gian Chién tranh thé gidi thir hai, Nhat Ban chdng lai Trung Qudc trong
1937-1945, Iraq chong lai Iran va nguoi Kurd trong 1983-1988... Chit doc Yperit
tinh khiét 13 hop chét hiru co nong chay & 14°C va bi phan huy trudc khi dun sbi ¢
218 C, c6 cong thire 1a S(CH,CH,Cl),. MOB-4 ¢6 tinh sat thuong 16n, gdy ra nhiing
vét bong hoa hoc trén da, mat va ph01 N6 co thé gy chét nguoi, khién nan nhan tan
tat, gdy ung thu hoac mu vinh vién. Theo Trung tam Kiém soat va phong ngua bénh
dich My, khi mu tat c6 thé ton tai trong moi truong nhiéu ngay, tham chi nhiéu tuan
[1, 2, 3]. Mot trong nhirng phuong tién sir dung dé phat hién va danh gia murc do
nguy hiém cta chat doc HD 1a sir dung dng trinh doc OTD-36 (IT-36). Thuc té cho
thdy sir dung 6ng trinh doc OTD-36 voi chat doc HD cong nghiép hay chat HD da
bao quan lau thi OTD-36 khong phat hién dugc chit doc (khong hién mau dugc),
nguyén nhan chinh la do chat doc HD bi 14n hoi axit [4, 5]. Tuy nhién, chua co cong
bb vé anh huong ciia ndng do hoi axit dén chi thi mau cua 6ng trinh ddc. Noi dung
ctia bai bao nay, s& gidi thiéu mot s6 két qua nghién ciru anh hudng cta nong do hoi
axit dén hoat dong tin cdy ctua 6ng trinh doc OTD-36.

2. THUC NGHIEM
2.1. Nguyén liéu, héa chét

Metanol (TQ), axit sunfuric (TQ), natri clorua (TQ) dng trinh doc OTD-36
(TCVN/QS 1373:2008, Viét Nam), chat HD tinh khiét (ham lugng trén 98%, Viét
Nam), chat HD cong nghiép (Day la cac mau HD dugc luu trit dé phuc vu viée kiém
tra, danh gia chat luong trang bi phong hoa, do Binh chung Hoa hoc cung cip).

2.2. Phuwong phap nghién ciru

2.2.1. Phwong phdp tao hoi axit: Hoi axit sit dung trong nghién ctru 1a dung
dich HCI trong Metanol. Nho tur tir mot lugng axit sunfuric ddc vao mudi natri clorua,
khi thoat ra dugc dan qua axit sunfuric dac va dugc hap thu trong metanol lanh.

2.2.2. Phwong phdp xdc dinh nong d¢ hoi axit trong mdu: Nong d6 hoi axit
(khi HCI) dugc xac dinh bang phuong phap do quang theo tiéu chuan TCVN
7244.2003. Liy V ml khi bang bom hit voi luu lwgng 50 ml/phiit suc vao 20 ml
nude cat. Két thac léy mau chuyén 20 ml mau vao binh dinh mérc 25 ml, dinh muc
bang nude cit dén vach. Hat 10 ml mau, thém HNOs; NH4Fe(SO4), va Hg(SCN),.
Doi dung dich chuyén mau trong 20 phut rdi tién hanh do hap thu quang cta dung
dich ¢ budc song A = 460 nm. Lam twong tw véi mau trang khong chira hoi axit.
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2.2.3. Phwong phdp xdc dinh téong axit trong dung dich: Téng axit trong
dung dich xac dinh theo phuong phap_ chuin d6 bang dung dich NaOH chi thi
phenolphthalein. Hut 5 ml dung dich mau nghién ctru vao phéu chiét, thém 15 ml
nudc cat, sau do lic déu va chiét dé loa} bo phqn hitu co, rira lai 2 1an mdi 1an 10 ml
nuodc. Sau dé gop dich chiét lai va chuan dé bang dung dich NaOH 0,005 N chi thi
phenolphthalein.

2.2.4. Phuong phdp xdc dinh nong dj chit djc tao ra trong khong khi: Ham
lugng chat doc tao ra dugc xac dinh dya trén phuong phap do quang trén may do
UV-VIS.

2.2.5. Phwong phdp dinh gig chit lwgng OTD bing chit djc cé lin hoi
axit: phuong phap danh gia dya trén co s TCVN/QS 1373:2008 [6]. Str dung 6ng
trinh doc OTD-36 phat hién chat doc HD grén‘ thiet bi khi dong luc WGDU-
109K.406.000. So s‘énh mau nhan duogc trén chat nén cia OTD v61 mau chuan trén
bao dung tng v6i nong do yperit 0,002+0,003 mg/lit.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Két qua x4c dinh ndng do hoi axit trong cic miu chit doc nghién ciru

Céc mau chat doc HD nghie:tn ctru gdm 6 mau HD cong r~1ghiép (dugc ghi nhan
vl cac ham lugng 20+30%, 2 mau; ham lugng 50+55%, 2 mau; ham luong 99%, 2
mau) va 2 mau HD do Trung tam Nhiét doi Viét - Nga (TTND Viét - Nga) diéu ché

nam 2013 va 2019. Cac mau dugc kiém tra phan tich ham lwong bang sic ky khi, két
qua duogc trinh bay trong bang 1.

Bang 1. Két qua phan tich ham luong cac mau HD cong nghiép

TT | Tén miu Thong tin Ham lwgng, %
trén nhin | Mustard gas | Sesquimustard O-mustard

1 MOB-1.1 99% 79,05 1,99 0,14

2 MOB-1.2 99% 77,64 2,15 -

3 MOB-2.1 50+55% 44,01 12,86 14,75

4 MOB-2.2 | 50+55% 53,98 11,64 -

5 MOB-3.1 | 20+30% 40,88 27,76 24,08

6 MOB-3.2 | 20+30% 7,87 13,79 0,89

7 |MOB-4.2013| 98,79 96,54 Khong phat hién | Khong phat hién
8 |[MOB-4.2019| 98,39 98,39 Khong phat hién | Khong phat hién

Tir két qua bang 1 co thé thay sau thoi gian bao quan cac mAu chat doc HD
cong nghi¢p da suy giam chat luong kha nhiéu, ham lugng chat chinh con tir
40+79% (trir mau MOB-3.2 ham lugng chét chinh chi con 7,87%). Céc tap chét
chinh 14 sesquimustard va o-mustard. Ham luong thuc té cua chét doc HD trong mau
thu dugc so véi thong tin ghi trén nhin mac 1a khac nhau kha nhiéu. Dbi véi cac
mau chat doc HD tinh khiét do TTND Viét - Nga diéu ché nim 2013, ham luong
chat chinh 13 96,54% (so v6i 98,79 khi diéu ché nam 2013); mau HD tinh khiét diéu
ché thang 7 ndm 2019, ham luong chét chinh 1a 98,39%.
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Nong d6 hoi axit (khi HCI) dwoc x4c dinh bang phuong phap do quang theo
tiéu chudn TCVN 7244.2003 (muc 2.2.2). Nong do axit tong trong dung dich dugc
xéac dinh theo phuong phap chuan do bang dung dich NaOH chi thi phenolphthalein
(muc 2.2.3). Két qua duogc trinh bay trong bang 2.

Bang 2. Két qua phan tich ndng do hoi axit va axit tong ctia cac mau HD nghién ctru

A Ay e Tong axit trong
TT Tén miu Nong do l/llm HCL | hau HD (theo
HE HCI), mg/l

1 MOB-1.1 Sau kh.1 mo nl‘em 120 Khong thyc hién
Sau khi tron déu * 150 12,65

) MOB-1.2 Sau khl' mo nle‘m 150 Khong thyc hién
Sau khi tron déu 187 14,02

3 MOB.1 Sau kh1 mé nlefm 720 Khoéng thuc hién
Sau khi tron déu 750 80,23

4 MOB.2.2 Sau kh1 mé nlefm 585 Khoéng thuc hién
Sau khi tron déu 624 76,98

5 MOB3 1 Sau kh1 mé nlefm 620 Khoéng thyuc hién
Sau khi troén déu 770 81,74

6 MOB.3.2 Sau kh1 mé niéfm 1390 Khoéng thyuc hién
Sau khi tron déu 1430 181,95

MOB-4.2013 | Sau khi tron déu 32 Khong thyc hién

MOB-4.2019 | Sau khi tron déu 0 Khong thyc hién

* Tron déu bang cdch rét dung dich qua lai khéng dwéi 5 lin

Tir két qua bang 2 co6 thé thiy sy khac biét doi chit trong két qua phén tich
néng d6 hoi HCI cta cac mau sau khi mé niém va sau khi tron déu. Néng do hoi axit
trong cac mau HD cong nghiép sau khi m& niém (tir 120 dén 720 pg/l) thip hon so
v6i nong d6 hoi axit trong tmg sau khi tron déu (tir 150 dén 770 pg/l). Nguyén nhan
12 do mau di bi phan huy va tach thanh 2 16p (16p dau mong phia trén va 16p dung
dich bén dudi), thong thuong HCI s& hoa tan & 16p dung dich nhiéu hon. Diéu nay
hoan toan phu hop voi quy dinh trong tai li¢u chuyen giao cong nghe, khi st dung
cac mau HD can phai duoc tron déu [4]. Nong do tong axit trong dung dich cac mau
chat doc HD cong nghiép 1a kha cao, tir 12,65 dén 81,84 mg/l. Riéng dbi voi mau
MOB-3.2 ndng d6 hoi axit sau khi m¢ niém (1390 pg/l) va sau khi tron déu (1430

ng/l) ciing nhu ham lugng axit tong twong tng (181,95 mg/l) 6 mirc rat cao. Diéu
nay hoan toan phu hop voi két qua phan tich sic ky khi, ham lugng chat chinh trong
mau MOB-3.2 con rét thap chi 1a 7,87%, ching té mau niy di bi phan hay rat nhiéu.
D6i v6i mau HD tinh khiét do TTND Viét - Nga diéu ché nam 2013 (Mau MOB-
4.2013) ciing da xuat hién hoi axit & mirc 32 pg/l. Mau HD tinh khiét diéu ché nam
2019 (Mau MOB-4.2019) khéong chira hoi axit.
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3.2. Két qua nghién ciru nong dd hoi axit toi thiéu gay nhiéu cho OTD-36

Ong trinh doc OTD-36 (hinh 1) st dung dé phat hién va danh gia mirc d6 nguy
hiém ctia chét doc yperit trong khong khi. B nhay cua éng trinh doc OTD-36 la
0,002+ 0,003 mg/l. Ong trinh doc dugc sir dung dong bd v6i may trinh sat hoa hoc
trong cac phong thi nghiém hoa hoc da chién va dé dong bd cac phuong tién ky
thuat trinh sat hoa hoc.
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Hinh 1. Bao dng trinh doc va ciu tao éng OTD-36

Tang hap thu cua dng trinh doc gdm mot tang silicagel tim dung dich chira:
HgCl, va N, N, N', N'-tetraethyl- 4,4'-diaminobenzophenone, methanol va xiclohexanol.
Ty 1€ mol: HgCl, : N, N, N', N'-tetraethyl- 4,4'-diaminobenzophenone = 3 : 2.

Nguyén 1y hién mau ctia dng trinh doc OTD-36: Khi hut khong khi c6 chat doc
loét da yperit qua dng trinh doc, tai ting hip thu (chat nén silicagel c6 mau vang
nhat di duoc tim dung dich chi thi) s& xay ra phan ng gitra chét doc voi hdn hop
thudc thir tao ra san phdm c6 mau hong dén mau sim chin theo so @ phan tng nhur
trong hinh 2.

(C2H5)2N®\

C=0|(HgClL); + S(CH,CH,Cl), —» 2HgCl, +

(C2H5)2N®/
2

Mau vang nhat

SN SN
C=0 HgCl, . S(CH,CH,Cl), (1)

Cc=0 +

(C2H5)2N®/
(C2H5)2N®/ Mau sim chin

Hinh 2. So d6 phan tng hién mau cta dng trinh doc OTD-36
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Theo [4, 5], trong khc}ng khi c6 13n cac tap chét co tinh axit s& 1am cho cl}ét chi
thi‘khf)ng hién mau, dan dén ong trinh doc OTP-36 khong phat hi¢n duogc chat doc.
bicu nay duoc giai thich nhu sau:

Trong tang hip phu cua 6ng trinh doc OTP-36 ludn c6 can béng tao phtrc:

(CoHs),N @\ (Csz)zNQ\
C=

0 + 3HgCl, =—= O|HgCh);  (2)

(C2H5)2N®/ (Csz)zNO/
42

Phtrc nay chinh 14 chit co mit trong phan ¢mg hién mau cua OTD-36.

Khi c6 mat HCI, xay ra cac phan ung:

2-
JHCI + HgCl, ~———= [Heet] + vt )

(C2H5)2N®\ (C,H;),NHCI

C=0 + 2HCl ——>»

: =0
(Csz)zNQ/ (CZHS)ZNHGQ/

Céc phan tmg (3) va (4) xay ra 1am cho phan tmg (2) chuyén dich theo chiéu
nghich, trc tﬁng hép phu bi hong, mot phén hodc hoan toan, dan dén hién mau
khong chinh xac hoac khong hién mau.

Tir co sO 1y thuyét phén tich trén day va thir nghiém thuc té cho thay hoi axit
gay nhiéu cho cac 6ng trinh doc OTD-36. Xac dinh ndng d6 hoi axit t6i thiéu gay
nhidu cho éng trinh doc OTP-36 ching toi st dung chit doc HD tinh khiét do
TTND Viét - Nga diéu ché nim 2019 (Mau MOB-4.2019). Cac thi nghiém dugc tién
hanh trén thiét bi khi dong luc GPU-109K.406.000 (hinh 3).

Nguyén 1y thiét bi khi dong luc GPU-109K.406.000 nhu sau: Cho khong khi
di qua bo phan chuan bi khong khi OC1, OC2, OC3 nho co céu lay khong khi bat
ky, mot phan khong khi cho di qua luu lwong ké P1, P2 vao céc binh dinh lwong D1
chira chiat doc HD va D2 chira tac nhén tao hoi axit, & do khong khi dugc bao hoa
bang hoi hod chét va hoi axit trong tng di vao binh tron. BO phan thtr hai ctia khong
khi sach s€ khong di qua luu luong ké P1, P2 ma di truc tiép vao binh tron CM.

Diéu chinh luu luong yéu ciu tai cac luu lwong ké khi P1, P2 va P3 bang van
KH3.
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- z o e
1. OC1-OC3: Binh thuy tinh; 2. P1- P3: Luu luong ké; 3. KO: Ong liy mu; 4, D1, D2-
Binh dinh lugng; 5. B1- B3- Kep; 6. KH1-KH4: Van; 7. CM: Binh tron; 8. III'- Ong hap thu
Hinh 3. So d6 nguyén 1y va hinh anh hé thong thiét bi GDU-109K.406.000
Diéu chinh dé 6n dinh dong khi bang cach xa khong khi nhd kep B3. Tong luu
lugng cua khong khi nhiérp can phai chinh c6 dinh va bang (24+0,05) 1/phut, va dugc
kiém tra bang luu luong ké P2.

_ Tién hanh hi¢u chinh luu lwgng khi vao duong thoi P1 nho kep B1 dé dat duoc
nong do chat doc bao hoa theo yéu cau va theo P2 nho kep B2 dé diéu chinh nong
do hoi axit bao hoa trong h¢ sau khi tron.

Mau khi HCI dugc lya chon sir dung cho nghién ctru 1a hoi axit trong dung
dich HCI/MeOH ndng d6 0,52 mol/l. Bé nghién ctru sy 6n dinh cua néng d6 hoi axit
thoat ra tir dung dich HCI/MeOH 0,52 M (¢ 25°C) chiing t6i tién hanh phan tich
ndng do hoi axit thoat ra lién tuc theo thoi gian va luu lwong khac nhau. Két qua
duoc trinh bay trong bang 3.
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Bang 3. Két qua phan tich ndng d6 hoi axit trong mau HCI/MeOH 0,52 M

T Thoi gian, | Luwu lwong | Thé tich | Ham lwong | Nong d¢ khi
phut khi, ml/phut khi, lit HCL, ug HCl, ug/1

2 100 0,205 44 214,63

1 10 100 1,010 211 208,91
15 100 1,525 317 207,87

2 200 0,420 89 211,90

2 10 200 2,005 407 202,99
15 200 3,020 646 213,91

2 400 0,835 172 205,99

3 10 400 4,030 866 214,89
15 400 5,980 1251 209,20

Trung binh 210,03

Tir két qua trén bang 3 c6 thé thiy rang ndng do hoi axit HCI thoat ra tir dung
dich HCI/MeOH 0,52M ¢ céc luu lugng hut khac nhau (100, 200, 400 ml/phut) Ia on
dinh, v6i noéng do hoi HCl thoat ra 1a 210 pg/l. Chung t61 st dung dung dich
HCI/MeOH 0,52M 14 ngudn phat khi HCI cho nghién ctru tiép theo.

Két qua xac dinh anh hudng cua hoi axit dén kha ning phat hién chit doc cua
ong trinh doc OTD-36 trén thiet bi khi dong luc GPU-109K.406.000 véi ndong do
yperit 0,002+0,003 mg/lit dugc trinh bay trong bang 4.

Bang 4. Anh hudng cta hoi HCI d&én kha niang phat hién cia OTP-36

Luu luwgng A Ay e
TT | HCl MeOH, N}‘I’gf do /ll‘l‘:‘ Két qua
lit/phiit M8
1** 0 0 Hién mau theo quy dinh
2 0,10 10,52 Hién mau theo quy dinh
3 0,15 15,77 Bit dau xuét hién cac ddm tring do axit gy ra
4 0.20 21,03 Kha nang h}en.Plau cua Ong OTD giam, cac
hat trang xuat hi¢n nhiéu
Kha ning hién mau cia dng OTD-36 giam chi
> 0,25 26,29 con 50+60% so véi binh thuong
Kha ning hién mau cua dng OTD-36 giam chi
6 0,30 3135 | o 20+30% so véi binh thuong
0,35 36,80 Khoéng hién mau
8 0,40 42,06 Khoéng hién mau

** Mau trang chi chita methanol.
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Két qua bang 4 cho thdy véi nong do yperit 0,002+0,003 mg/lit khi nong do
hoi axit 13 15,77 pg/l trén éng trinh doc OTD-36 di bit ddu xuat hién cac dém tring
do axit gy ra; & ndng d6 21,03 g/l thi kha ning hién mau ciia OTD-36 giam. Nong
d6 hoi axit ting dén 36,80 pg/l thi 6ng OTD-36 hoan toan khong hién mau. Két qua
nay da giai thich tai sao dng OTD-36 khong thé phat hién duoc chat doc ddi véi cac
mau chat doc HD cong nghiép (c6 ndng d6 hoi axit & mic cao tir 150 dén 770 pg/l)
hay d6i véi mau HD tinh khiét do TTND Viét - Nga diéu ché nam 2013 (Mau MOB-
4.2013, c6 ndng d6 hoi axit 1a 32 pg/l).

4. KET LUAN

ba xac dinh dugc ham lugng chét chinh va néng do hoi axit trong 06 mau chét
doc HD cong nghiép va 02 mau HD tinh khiét do TTND Viét - Nga diéu ché nam
2013 va nim 2019. Két qua nghién ctru anh huéng cta nong do hoi axit gay nhiu
cho 6ng trinh doc OTP-36 v4i nong do chat doc yperit 0,002+0,003 mg/lit cho thy
ndng d6 hoi axit tdi thiéu gy nhidu cho éng trinh doc OTD-36 1a 15,77 pg/l va véi
nong d6 hoi axit dat 36,80 pg/l thi 6ng trinh doc mat hoan toan kha ning chi thi. Bén
canh do, c6 thé nhan dinh réng voi cac chat doc HD cong nghiép va HD tinh khiét
da dugc bao quan lau dai (trén 6 nim nhu mau MOB-4.2013) s& bi phan hity tao
thanh hoi axit du dé lam mat kha ning phét hién cta éng trinh doc OTD-36.

TAI LIEU THAM KHAO

1. Stanley H. Lillie, Potential military chemical/biological agent and
compounds, 2005.

2. Nancy B. Munro, Sylvia S. Talmage, Guy D. Giffin, The sourses, Fate, and
Toxicity of chemical Warfare Agent Degradation Products, 1999,
107(12):933-973.

3.  Jeffrey P. Koplan, M. D., M. P. H., Draft toxicogical profile for mustard gas,
2001, p. 1-58.

4. Tai liéu chuyén giao cong nghé: TY V 6-00205104.406-2002, Texuudeckue
ycnoBust UT-36.

5. Ong trinh doc OTP-36, Tiéu chuan k¥ thuat, Nha may X61-Bo Tu 1énh Hoa
hoc, 2009.

6. TCVN/QS 1373:2008, B Tu 1énh Hoa hoc, 2008.
Nhdn bai ngay 05 thang 02 nam 2020
Phan bién xong ngay 15 thang 3 nam 2020
Hoan thién ngay 25 thang 5 nam 2020

@ Vien D bén Nhiét ddi, Trung tam Nhiét déi Viét - Nga

Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 20, 06-2020 41



