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TOM TAT

Bai bao nay gisi thiéu két qua nghién ciru ché tao luu dan khéi cay hudn luyén (LDO-24) sir
dung capsaicin dwot chiét xudt tir qua 6t thay thé char déc quan sy CS. LPO-24 an toan hon véi
con nguwoi va méi truong so Véi logi luu dan hoi cay thong thwong. LPO-24 ¢6 thé sir dung trong
huan luyén san sang chién ddu va thir nghiém mat ng phong dgc. Thir nghiém ty 1¢ phaéi trén thanh
phan chdt tqo khoi va chdt gdy cay tiong tie Véi luu dan LDC-16, nhdn thdy leu dan khoi cay hudn
luyén LPO-24 ¢6 cdc tinh nang twong tw luwu dan khéi cay LDC-16, c6 thé tao ra man khéi gay
kich 1zng mat va ho hap, véi ty Ié capsaicin 1a 10% trong hon hep chat tqo khoi cay 1a toi wu nhat
cho néng dé capsaicin trong man khoéi 1a 0,0036 mg/m®, nong dé chat gdy cay nay dam bao gay
kich 1zng mat va hd hdap, ma van an toan cho can bg, chién sy khi hudn luyén. Thoi gian ton tgi
capsaicin trong khdng khi sé giam dan theo thoi gian, thoi gian ton tai hoi cay trong khéng khi la
120 - 180 giay.
Tir khéa: Capsaicin; Lyu dan khéi cay; Huin luyén sin sang chién dau.

1. MO PAU

Hién nay, viéc nghién ctiu, ché tao, san xuat cac mau mat na phong doc tai Binh chung Hoa
hoc ngay cang duogc diy manh. Tuy nhién, trong qua trinh thir nghiém, nghiém thu van str dung
cac loai binh xit va lyu dan khdi cay cé chira chat doc 2-Chloroacetophenone (CS) dé thir nghiém
vé do kin, kha ning bao vé ciia mat na, khi tai phong hd hap. Mit khac, trong qua trinh tao tinh
hudng dién tap, huan luyén sin sang chién dau, van sir dung luu dan khéi cay cé chira thanh phan
|a chat doc quan sy CS. Viéc sir dung chat doc CS gay anh huong lon dén sirc khoe cua cén b9,
Chlen sy. Néu bi phoi nhidm chét doc quan sy CS trén mét sau 20 dén 60 gidy s€ gay chday nudc
mit, d6 mét, nang hon co6 thé gay viém giac mac, thi luc giam din dén mat stc chién dau nhanh
chong. Béi voi duong hd hap, dudi tac dung cia hoi chat doc CS c6 thé bi hét hoi lién tuc, ho, rat
hong va khé tha. Néu hit thd ¢ ndng do cao va trong khoang thoi gian dai thi hoi chat doc CS cé
thé vao phé nang gay viém phdi va xung huyét phdi. Khi bi dinh chat doc CS 1én da, luc dau s&
khong c6 cam gidc gi, tuy nhién chi sau khoang 2 dén 3 pht da sé& bi bong rét, néu da bi am uét
c6 thé bj xung huyét va rop phong khi tiép xic & nong do cao [4]. Nghién cau cho thay CS hay
nhitng chét gay cay khac nhu CN, CR,... ¢ thoi gian ban phan huy kéo dai, ¢6 thé 1én dén hang
nam trong mot s6 diéu kién moi truong nhat dinh [5]. Chung thuong bi tich ty trong méi truong,
nhét 1a trong dét va nudc, lam ting nguy co 6 nhiém méi truong lau dai.

Hién nay, lru dan khoi cay van duoc céc b phan an ninh st dung phd bién trong cac cudc dep
loan hay giai tan dam dong. CAu tao chung cua loai lyu dan nay thuong chira chat gay cay (cac
loai chat doc kich thich nhu CS, CN,... tron cling véi c&c chat ¢ chirc niang tao khoi.

Capsaicin (8-methyl-N-vanillyl-6-nonenamide, cong thirc hoa hoc CigH27NOs) 1a hoat chét
chinh cua 6t d6, mang lai vi cay néng cho 6t. Capsaicin 1a chit rin, khong tan trong nudéc, tan
nhiéu trong dung mdi hiru co. N6 dugc phan lap tir bot 6t hoac thu dugc bang phwong phép tong
hop. Khéi lwgng phan tir caa Capsaicin 1a 305,41 g/mol, nhiét do ndng chay khoang 65 °C, nhiét
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do phan huy la khoang 200 °C va c6 &p suét bay hoi thap. Capsaicin c6 tac dung kich thich trén
mat, duong ho hap tuong tw nhu CS nhung ¢ mirc d nhe hon nhicu. Capsaicin Ia mot thanh phan
thuong dugc sir dung trong y hoc, dugc liéu va am thuc [6].

Dé khic phuc nhitng anh huéng cua lyu dan khoi cay dang dugc sir dung trong nudc hién nay,
nhom thuc hién nghién ctru ap dung loai chat gay cay chict xuat tir tu nhién la capsaicin hon hop
khoi than thién moi truong dya trén co s¢ axit Terephthalic thudng dung trong cong tac huan luyén
dé tao thanh lyu dan khéi cay huan luyén.

Luu dan sau khi dugc nghién ciru dong vai tro quan trong trong cong tac huan luyén sin sang
chicn dau cting nhu 1a nghién ctru, thu nghiém cac loai khi tai phong hé hap. Giam kha nang gay
mat an toan cho sirc khoe bo ddi cling nhu moi trudng.

2. THUC NGHIEM VA PHUONG PHAP NGHIEN CUU
2.1. Hoa chat, thiét bi
2.1.1. Hoa chat

Capsaicin c6 ham lugng > 50% duoc chiét xuat tr ot tai phong thi nghiém Viér) Héa hoc - Moi
truong quan su. Luu dan khoi cay LDC-16 san xuat tai Binh chung Hoa hoc. Chat tao khoi dugc
sir dung la loai khoi than thién moi truong dya trén co so axit Terephthalic dung trong cong tac
huan luyén, day la loai khoi dang dugc su dung trong lyu dan khéi cay LBC-16. Dung moi
acetonitrile, metanol, Capsaicin (>98%, Sigma Aldrich), Bac nitrat.

2.1.2. Thiét b

May sic ky long hiéu ning cao (HPLC) nhan hiéu HP-1100 cua hang Agilent; May rung siéu
é[n Ul~trasonic cleaner; Can phan tich AB204-S cta hang Toledo, d6 chinh xac = 0,1mg; Thiét bi
lay mau khi ¢6 luu luwong 1 - 5 I/p qua bé loc sgi thuy tinh 13 mm.

2.2. Phwong phap nghién ciru
2.2.1. Phuong phdp ché tao liru dan khéi cay cé thanh phan gay cay la capsaicin

Trén co s tham khao cAc tai ligu vé lyu dan khoi cay, nhom thyc hién dé tai dua ra quy trinh
nghién ctru, ché tao luu dan khoi cay huan luyén nhu sau:

- Budc 1: Nghién nguyén ligu.

- Budc 2: Tron chat tao khai, chat tao hoi cay va keo thudc phong vai ti 1 thich hop.

- Budc 3: Nén chat hdn hop chét tao khoi cay vao than lyu dan, tao hinh, phoi kho.

- Budc 4: Lap day chay cham.

- Budc 5: Lap rap lyu dan khoi cay huan luyén.

- Budc 6: Kiém tra, bao quan.

2.2.2. Phuwong phap danh gia tinh nang lyu dan LDO-24
- Xdc dinh, danh gia khoi lwong lyu dan LDO-24

Str dung can dién tir xac dinh khdi luong cua lyu dan LDO-24, ghi lai két qua va so sanh voi
khoi luegng cia lyu dan khoi cay LDC-16.
- Xdc d@inh mdt d@ nhoi nap chat tao khoi

Pn = 1)

<[ 3

Trong do6 :
P - Mat d6 nhoi nap (g/cm?);
m: Khéi lugng chat tao khéi cay ();
V: Thé tich ciia khoang chira hozc vat liéu (cm?).

Tap chi Nghién citu KH&CN qudn su, 100 (2024), 90-97 91



Hoa hoc, Sinh hoc & Méi truong

- Xdc dinh, ddnh gid thoi gian moi chdy, thoi gian tzo man khoi cua lieu dan LPO-24

Tién hanh cho n6 01 qua lyu dan LDO-24, bam thoi gian mdi chay va thoi gian tao man khoi,
S0 sénh vai tinh nang cua hyu dan khoi cay LDPC-16 dang dugc Binh ching Hoa hoc str dung.

- Xdc dinh thoi gian ton tai hoi cay trong khong khi

Dé xac dinh thoi gian ton tai ciia hoi cay, tién hanh theo cac budc sau:

Xiac dinh thoi diém bat dau ldy mau: Ngay khi lyu dan hoi cay dugc kich hoat trong budng
thir nghiém khoi, bat dau ghi lai thoi gian va lay mau.

Ghi nhan cac yéu t6 méi treong: Bé dam bao tinh chinh xac, ghi lai cac théng s6 nhu nhiét
do, do am.

Tién hanh kich hoat lyu dan LDO-24 nhiéu lan, mdi lan thir nghiém tién hanh lay méau & céc
khoang thoi gian khéc nhau.

Sur dung ket qua phén tich dé vé do thi biéu dién tuong quan gitra nong do hoi cay va thoi gian
bit dau lay mau. Tir d6 thi, khi ndo ndng d6 hoi cay giam xudng mirc an todn hoic tan hét, day sé
la khoang thoi gian ton tai cua hoi cay trong khong gian do.

2.2.3. Phurong phdp thir nghiém xdc dinh nong dg capsaicin trong man khoi

Tién hanh cho n6 01 qua lyu dan khéi cay huan luyén trong buong thir nghiém khéi (hinh 1) ¢6
kich thuéc (DXRXC) 122 x 1.5 x 1.5 m, thé tich budng 1 4,5 m®. Sau khi khoi duge phat tan déu
trong 30 giay, tiéﬁ hanh lay mau capsaicin theo phuong phap NIOSH 5041 [7], cu thé: dat thiét bi
lay mau khi c6 lap b loc sgi thuy tinh 13 mm véi luu lugng hat 2 I/p trong thoi gian 30 phat.

Thé tich khi da l4y dugc xac dinh theo cong thic (2):

Vini = Luu luogng x thoi gian 1dy mau 2)

L% i o m EHP————
trén thiét bi HPLC.

*Phwrong phap phan tich capsaicin trong man khoi

Sau khi két thic qua trinh lay mau, chuyén mang loc vao lo thiy tinh 10 mL c6 nap van teflon.
Thém 5 mL dung mdi methanol vao lg, rung si€u am trong 30 phut dé chiet xuat capsaicin tr bong
thay tinh vao dung méi, qu.’;’l tr‘l‘nh chiét dugc lap lai 3 lan. T,oén bd methanol dugc thu vao mot lo
thay tinh, Iam khé dich chiét bang Na,SO., loc thu dich chiét va cd can dich chiét vé 1 mL.

Capsaicin trong dich chiét thu duoc, dugc dem phan tich trén thiét bj HPLC véi cot Cag, budc
song 281 nm,,nhiét do trong c6t 25 °C. Pha dong dung dung dich metanol va dung dich bac nitrat
(70:30 v/v), toc do dong 1 ml/phut. Ket qua dugc ghi lai bang detector DAD. Phuong phap phan
tich capsaicin thuc hién theo Tiéu chuan Viét Nam TCVN 9682 — 2:2013.
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Pudng chuan capsaicin duoc lap tir 5 diém chuan cé nong do lan luot 14 10; 25; 50; 75 va 100
mg/l, nhu mo ta trén hinh 2.
Tinh toan nong do capsaicin trong khong khi theo cong thic:

Ccnige X Vdung moi
Cini = Vo x H 3

Trong do:
Cini: Nong do capsaicin trong khong khi (mg/m?).
Ceniér: NOng do capsaicin trong dung dich chiét (mg/L).
Vbung msi: Thé tich dung mai chiét (L).
H: Hiéu sut thu hdi ctia qua trinh (%)
Vini: Thé tich khi da thu mau (m?).
_ Quy doi don vi tir mg/l sang mg/m?® theo cong thirc: Nong do capsaicin (mg/m?) = 0,0409 x
nong d6 capsaicin (mg/l) x khoi lugng phén tir capsaicin (g/mol).
2.2.4. Phuong phdp lwa chon ty 1¢ phéi trén capsaicin va chat tgo khoi
Tién hanh ché tao nhitng qua lyu dan cd ty I¢ capsaicin trong tong khdi lwong chit tao khoi cay
la 5%, 10%, 20% va 30%. Sau do, lay mau va phan tich nong do capsaicin trong man khoi nhu
muc 2.2.3, tién hanh so sanh nong do capsaicin véi ngudng gay kich tng mat va hd hap cua

capsaicin [6], ddng thoi danh gia anh hudng cua ndng do ty 16 phol tron capsaicin va chat tao khoi
dén thoi gian phét khoi. Tir d6 dua ra ty 18 phéi tron pha hop nhat.
3. KET QUA VA THAO LUAN

3.1. Két qua ché tao lyu dan khoi cay huan luyén LPO-24

Luu dan khéi cay diing trong huan luyén sau khi duoc thiét ké, ché tao dugc cau thanh tur bay
b6 phan (hinh 3), cu thé nhu sau:
1. Thin vd
2. Nfp irén
3. Tru lip ngoi
4. Nép day
5. Khdi chdt fag khdi cay
6. Ldp din chay
7. Nedi F41C

Hinh 3. Cdu trac lyu dan LPO-24.  Hinh 4. Luu dan khoi cay hudn luyén LDO-24.

- Than vo: Chtra chét tao khoi cay, lidu tang lira, va 16p dén chay.

- Nip trén: Bao vé chit bén trong khoi 4m, c6 16 dé 1ap ngoi nd va thoat khi.

- Tru ldp ngdi: Gitp c¢b dinh ngodi nd khi phong, dam bao dé chinh xac.

- Nip day: Chiu ap luc va co 15 thong khi dé can bang ap sut.

- Khéi chét tao khoi cay gdbm ba thanh phan chinh: Chét chay (st dung hdn hop hiru co nhu
axit terephthalic, glucozo,..) cung cap nang luong. Chat oxy hoa (kali clorat hodc peclorat) ho trg
qua trinh chay va chat gay cay (capsaicin) tao hiéu tmg kich thich mat va h6 hap. Sy két hop nay
giup lyu dan khoi cay chay On dinh va phat tan hi¢u qua.
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- Lop dan chay: HOn hgp gom ba thanh phén chinh: kali nitrat (KNOs) cung cap oxy, cacbon
(than) lam chit chay va luu huynh (S) gitp tang toc do chay. Hon hop nay chdy nhanh, tao nhiét
va 4p suat, truyén Itra tir ngoi nd dén khdi khoéi cay, dam bao qua trinh chay dién ra hiéu qua.

- Ngoi lyu dan F41C: C6 thoi gian gir chdm 1,5 - 3 gidy, voi chét an toan, vong giat chdt, va
can mo vit dam bao an toan khi st dung.

Bdng 1. Bang so sanh ty ¢ thanh phan cia chdt tgo khoi cia luu dan LPO-24 va LPC-16.

TT | Thanh phan

Ty 18 phdi tron chat tao khoi
trong luu dan LDO-24

Ty 1& phdi tron chat tao khoi
trong luu dan LDC-16

1 | Chat oxi hoa 20% 20%
2 | Chat chay 60% 60%
3 | Chat dan chay 15% 15%
4 | Keo thudc phong 5% 5%

Sau khi nghién ctru cac thanh phan cu tao cia lyu dan khoi cay, tién hanh ché tao san pham
(hinh 4) ¢6 cac tinh nang chién ky thuat twong tu lyu dan khoi cay LDC-16.
3.2. Két qua lwa chon ty 18 phdi trén capsaicin va chat tao khoi

D¢ lya chon ty 1¢ phdi tron giira capsaicin va chét tao khéi phi hop cho viéc ché tao lyu dan
khoi cay huan luyén LDO-24, nhom nghién ciru da thyc hién khao sat chi tiet nham danh gié hai
yeu to la nong do capsaicin trong man khoi va thoi gian phat khoi. ket qua duoc trinh bay ¢ bang 2.
Sac d6 phén tich capsaicin trong man khoi ¢ cac ty I€ phoi tron khac nhau dugc thé hién & hinh 5.
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Hinh 5. Két qua phan tich capsaicin trén thiét bi HPLC. Ty 1é phoi trén 1 (A), ty 1é phoi trén 2 (B),
ty lé phoi tron 3 (C), ty I¢é phoi tron 4 (D).
Bing 2. Anh huong ciia ty 1é capsaicin va chat tao khéi dén nong dé capsaicin trong man khoi

va thoi gian phat khoi.

TT 2 3 4
Ty 1 phdi tron capsaicin va chat tao khoi (%) 10 20 30
Nong dé capsaicin trong man khéi (mg/md) 0,0016 | 0,0036 | 0,0082 | 0,014
Thoi gian phat khoi (s) 65 58 51 40
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Két qua & bang 2 cho thay, khi ti 1& phéi tron capsaicin ting tir 5% dén 30%, ndng do6 capsaicin
trong man khoi tang tir 0,0016 mg/m?* dén 0,014 mg/m® va thoi gian phat khoi giam tir 62 gidy vé
40 giay, diéu nay ching minh rang luong chat gdy cay cao nhung hon hop sinh nhiét (nhu kali
clorat va duong) khong ting ty 18 twong ung, dan dén qua trinh dbt chay dién ra nhanh hon. Phan
tng nhanh s& tao ra nhiét lugng Ion trong thoi gian ngan, 1am chét kich thich chuyén thanh khi
hoac hat min ngay lap tic, két qua la khoi day ddc dugc tao ra nhanh chong nhung ti€u hao nhanh
hon. Vi ti I€ capsaicin 5%, nong do capsaicin trong man khoi la 0,0016 mg/m3 nong d6 nay nho
hon ngudng gay kich tng mat nén it cam thay cay mét khi thir nghiém (ndng do c6 thé gay kich
g cua capsaicin 1a 0,002 mg/m? [6]), khdng phu hop dé sir dung trong huan luyén. O ty 1é
capsaicin trong chét tao khai 12 20% va 30% thi thoi gian tao khoi ngan nong d¢ capsaicin trong
man khoi lan luot 12 0,0082 mg/m?3 va 0,014 mg/m? vuot mirc ¢6 thé gay kich tng hon 4 1an, c6
thé gay nguy hai cho ngudi sir dung. Do dé, sir dung ty 1¢ phéi tron capsaicin 10% 1a phi hop Vi
muc dich huén luyén va thir nghiém.

3.3. Két qua xac dinh thoi gian ton tai hoi cay trong khong khi cia lyu dan LDO-24

Sau khi xac dinh ty 1& phdi tron véi capsaicin chiém 10% va chét tao khéi chiém 90% trén tong
khéi lugng hdn hop tao khéi cay, thi nghiém duoc tién hanh dé xac dinh thoi gian tn tai cia hoi
cay trong man khoi. Hinh 6 md ta anh huong cia thoi gian d&én nong do capsaicin trong man khoi,
Vv6i nong do ban dau do duoc 13 0,0036 mg/me. Thi nghiém dugc thuc hién trong budng kin cé thé
tich 4,5 m?, dam bao méi trudng ddng nhat dé kiém tra sy phan tan va sa ling cua hoi cay, trong
diéu kién nhiét o duy tri & mirc 25 + 2 °C va d6 am 65 + 5%.

. C(mg/m”) . Nguimg gay kich img
0.0040

0.0030

0.0020

Néng dé (mg/m®)

0.0010

0.0000

0 60 120 180 210
Thoi gian (gidy)
Hinh 6. Anh huéng ciia thoi gian dén nong dg hoi cay capsaicin trong khong khi.

Quan sat d6 thi & hinh 6, ¢d thé thay rd xu huéng giam dan nong d¢ capsaicin trong man khoi
theo thoi gian. Cu thé, trong giai doan tur 0 gidy dén 210 giay, nong do capsaicin trong khong khi
giam manh tir mtrc ban dau 14 0,0036 mg/m? xubng con 0,0005 mg/m2. Sy suy giam nay phan anh
qua trinh sa lang tu nhién cta cAc hat capsaicin trong méi truong khong khi, khi cac hat dan mat
kha ning lo limg va roi xuéng bé mat. Trong khoang thoi gian tir 120 gidy dén 180 gidy, nong do
capsaicin trong khong khi s& giam dan tir 0,0027 mg/m® xudng 0,0017 mg/m? dat gia tri dudi
ngudng gay kich mg cua capsaicin la 0,002 mg/m®. Vi vdy, thoi gian ton tai cia hoi cay giam
xuong dudi ngudng gay kich tmg duoc xac dinh trong khoan thoi gian tir 120 - 180 gidy sau khi
thir nghiém. Diéu nay cung cip co s khoa hoc quan trong dé danh gia hiéu qua va thoi gian st
dung cua lyu dan khdi cay trong thuc té.
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3.4. Két qua so sanh tinh ning chién ky thuit cia lyu dan LPO-24 va LDC-16
_ Sau khi hoan tat nghién ctu va Iya chon ty 1¢ thanh phan toi wu dé ché tao lyu dan khoi cay,
dong thoi xac dinh mot s6 tinh néng co ban cua lyu dan LDO-24, nhom thuc hién tiép tuc tién
hanh so sanh tinh nang k¥ chién thuat gitra lyu dan khoi cay LDPO-24 va lyu dan LDC-14. Két qua
chi tiét duoc trinh bay trong bang 3.
Bdng 3. Bang so sanh tinh ning chién ky thugt cua lieu dan khoi cay LDC-16
va lyu dan khoi cay huan luyén LDO-24.

. Két qua
T Chi tiéu thir nghiém cia san pham D‘;‘(‘) "1 Lyudan | Lyudan
LDPO-24 LDC-16
1 | BPuong kinh mm 60 60
2 | Chiéucao mm 155 155
3 | Khéi lugng toan bo g 451 450 + 15
4 | Khéi lwong chit tao khi cay g 300 300 + 10
5 Ngoi luu dan - F41C F41C
6 Mat do nén g/cm?® 1,2 1,1-1,3
7 | Thoi gian moi chay S 2,1 15+3
8 | Thoi gian phéat khéi cay S 58 50+ 10
9 | Thoi gian ton tai hoi cay S 120 - 180 135 - 165
10 | Nong do chat gay cay trong man khoi mg/m? 0,0036 15- 30

Quan sét két qua bang 3 cho thay, cac thong sé tinh ning lién quan dén cau tao cia lyu dan nhu
duong kinh, chiéu cao, khéi lugng toan bo, khdi lugng chét tao khoi, ngoi lyu dan cua lyu dan
LDP0-24 dugc ché tao tuong tu lyu dan khéi cay LPC-16. Cac théng sb thoi gian mdi chay, thoi
gian phat khoi cay, thoi gian ton tai hoi cay va nong d6 chét gay cay cua lyu dan huan luyén LDO-
24 1an luot 12 2,1 (s), 58 (s), 120 - 180 (s) va 0,0036 mg/m®. Mat do nén cia LPO-24 13 1,2 g/m?
nam trong khoang tinh ning cua lyu dan LDC-14 14 1,1 - 1,3 g/m?. Trong khi d6, thoi gian moi
chéy, thoi gian phat khoi cay, thoi gian ton tai hoi cay va ndng do chét gay cay caa lyu dan khoi
cay LDC-16 lan luot 12 1,5 + 3 (s), 50 + 10 (s), 150 + 15 (s) va 30 - 50 mg/m?. Gid tri ndng do chét
gay cay cua lyu dan LPO-24 12 0,0036 mg/m® vuot qua ngudng co thé gy cay mat va hd hap
(ndng dd gay cay cua capsaicin 1a 0,002 mg/m? [6]) nhung khong dang ké nén it gay hai cho con
ngudi khi st dung, Gia tri ndng do chat gay cay cua lyu dan LPC-16 1a 15 - 30 mg/m? vuot gap
hon 300 1an so véi ngudng gay cay mét va hd hap caa CS (nong do gay cay cia CS la 0,05 mg/m?®
[7]), v6i ndng dd CS nay phl hop dé thuc hién trong cac nhiém vu giai tin ¢am dong do cé tac
dung gay cay nhanh. Thoi gian tao khoi cua luu dan LDO-24 la 58 gidy phu hgp vaéi cong tac tao
khéi huan luyén va teong duong véi thoi gian tao khéi caa lyu dan LDC-16.

4. KET LUAN

D3 nghién ctru, ché tao thanh cong lyu dan khai cay huan luyén véi thanh phan gay cay chinh
1a capsaicin chiét xuét tir thién nhién, day 1a mot chét an toan cho méi truong va con ngudi. Lyu
dan LDO-24 c6 cac tinh ning chién — k¥ thuat tuong duong so véi luu dan khoi cay LDC-16, thich
hop str dung trong huan luyén sin sang chién diu va thir nghiém cac loai mat na phong doc. Lua
chon duoc thanh phan téi wu cua lwu dan cho ndng d6 chit gay cay trong man khéi 1a 0,0036
mg/m? c6 thé gay kich tng mat va hd hap, nhung it giy anh hudng dén can bo, chién sy hon trong
qua trinh sir dung. Thoi gian ton tai capsaicin trong khdng khi s& giam dan theo thoi gian, thoi gian
t6n tai hoi cay trong khong khi 1a 120 - 180 giay.

96 L. P. Son, ..., N. A. Dirc, “Nghién ciru sir dung capsaicin ... thay thé chit djc quéin sw CS.”



Nghién ciru khoa hoc cong nghé

[1].

[2].
[3].
[4].
[5].

[6].
[7]1.
[8].

[9].

TAI LIEU THAM KHAO

Nguyén Tién Phat, Pinh Ngoc Thach, Nguyén Puc Hanh, B Tuan Duy, Nguyén Khang Dé. “So tay
ky thugt: Trang bi phong chéng vii khi NBC ciia qudn dgi mét sé nuéc”. BO tu 1énh Hoa hoc & TTTT
KHKTQS-TCKT, (1993).

Nguyén Thai Binh va cac cong su. “Nghién cizu ché tao hon hep chdt tao khoi VH-15”. Béo céo nhiém
vu cép co sd, (2016).

Pham Vian Hoan, Lé Van Ban, Lé Ngoc Pinh, L& Anh Son. “Nghién cizu ché tao hon hep khoi thé
ran”. Béo cao d¢ tai Vién HHQS (1993).

National Research Council. “Acute Exposure Guideline Levels for Selected Airborne Chemicals”.
Volume 16. Washington, DC: National Academies Press, (2014).

Dimitroglou, Y.; Rachiotis, G.; Hadjichristodoulou, C. “Exposure to the Riot Control Agent CS and
Potential Health Effects: A Systematic Review of the Evidence . International Journal of Environmental
Research and Public Health, (2015).

Schep, Leo J., Slaughter, R. J., & McBride, D. I. "Riot control agents: the tear gases CN, CS and OC—
a medical review." Journal of the Royal Army Medical Corps, (2013).

National Institute for Occupational Safety and Health. “NIOSH Method 5041: Capsaicin and
Dihydrocapsaicin”. NIOSH Manual of Analytical Methods, Issue 1, (1996).

National Institute for Occupational Safety and Health. "NIOSH Pocket Guide to Chemical Hazards."
Department of Health and Human Services, Centers for Disease Control and Prevention. DHHS
(NIOSH) Publication No. 2005-149, (2007).

Feigenbaum, Anna. “Tear Gas: From the Battlefields of World War | to the Streets of Today ".
Verso, (2017).

[10].Gilliland, Alan, & Rottman, Gordon L. “The Hand Grenades”. Osprey Publishing, (2015).
[11].Long, K. Z., & Hernandez, G. L. “Capsaicin: Analytical methods for quantification and the impact on

health. Journal of Chromatographic Science ”, 53(1), 16-21, (2015). doi:10.1093/chromsci/bmu002.
ABSTRACT

Research on using naturally extracted capsaicin to develop irritant smoke agents
as alternatives to military-grade CS gas

Development of the LDO-24 training tear gas smoke grenade, which uses capsaicin
extracted from chili peppers as a substitute for the military-grade toxic agent CS. The LPO-
24 is safer for humans and the environment compared to conventional tear gas grenades. It
can be used in combat readiness training and gas mask testing. Experiments on the mixing
ratio of smoke-producing and irritant components, similar to those in the LDC-16 grenade,
indicate that the LDO-24 training grenade possesses similar features to the LDC-16. It
generates an airborne smoke layer that irritates the eyes and respiratory system, with an
optimal capsaicin concentration of 10% in the smoke mixture, achieving a capsaicin
concentration of 0,0036 mg/m? in the smoke layer. This irritant concentration effectively
causes eye and respiratory irritation while remaining safe for personnel during training.
The capsaicin's persistence in the air decreases over time, with tear gas effects lasting
between 120 and 180 seconds.

Keywords: Capsaicin; Tear gas grenade; Combat readiness training.
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