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NEPCNEKTUBA 3ACTOCYBAHHSA XIMIYHUX
OKUCJIIOBAYIB ANA HEUTPANI3ALLII TA AEFTA3ALYI
®OCDIHY B MOPCbKINA GYMITALLIi BAHTAXIB

PE3KOME. Ilepesesentst 3epHogux, 3epHOO0006UX MA [HUUX POCIUHHUX NIOKAPAHMUHHUX 6AHMANCIE Nompedye 0008 13K0601 Qymi-
eayii. Tokcukonoziuna be3nexa QymicamopHuKie ma YieHie exinaicie MOpCbKO20 MopeosenbHo2o Gromy — 0008 s13k068a ymosa npoge-
Oennsi hymicayii. Ha 6opmy cyoua nio uac pobomu ymieayitinoi Komanou ymeoproomscs Hebesneuri 8ioxoou. Pozpobra memoouxu
Oecazayii 3anuwikie oociny 6 mapi, Qymiznueax moujo Ha OOpmy cyoHa € 8aNCIUBUM HAYKOBO-NPUKTIAOHUM 3AB0AHHAM.

Mema. Busuents Moociugocmi 3acmocy8anHs gi0omux OKUCTI08auig (nepekucy 800HI0, XI0PAMIHY, 030HY, NePMAH2AHANTY Kaiio) 01
3HewKoO CeH A, Heumpanizayii il Oecazayii pocginy ma gocginemicnux ompymoghymicanmis y MopcoKii pymieayii eanmasxcis, npo-
Be0eHHS AHANIZY OKUCHO-BIOHOBHUX PeaKryill 0e2a3amopis i3 hochinom i OyiHKa MOKCUUHOCE NPOOYKIMIG XIMIYHUX Pearyill.
Mamepianu ma memoou. Ananiz emicmy Qocghiny, nposedenutl Memooom cmayionapHoi 2azo60i xpomamozpadii Ha xpomamozpapi
«Lleem-160», a makodic MemoOoM er1eKmpoXiMIUHO20 aHANI3y 3a 00NOMOo20l nepeHocHux npuradie «Pac Il — PH3», «Accuroy
(Himeuyuna) ma «Toxy-Proy (CLLA). IIposedeno ananimuunuii 02130 aimepamypu ma 1a00pamopHo-eKCnepumMeHmanbHi it HamypHi
00CTI0XHCeHHA HA CYOHAX OankepHozo ¢homy ma & mopcokux nopmax Odecu, Yopromopcwvka, Fxcrnoeo deeasayii 8i0 ocghiny ma
ompymoqymieanmie npu MOpcuKitl hyymieayii 3epHOBUX MA KOPMOBUX BAHMAKCIS.

Pesynomamu. [loxazano, wo écynepey ichylouum Memoouxam 600a ma ii MUNbHI PO3YUHU He MAlOMb OeCMPYKMUBHUX MA Hetmpaii-
3yiouux grnacmugocmell wjodo ocehiny ma gocghinemicrux npenapamis. Ixne suxopucmanus 01a dezazayii pocehiny nedoyinsne ma
Hebesneune.

Bucnosku. BukopucmanHs 600HUX PO3UUHIE MUNOBUX OKUCTIOBAYIE (XJIOPY, NEPeKUCy 800HI0, 030HY MA NePMAHSAHAMY KAilo) 015
Oezazayii suxopucmaroi mapu 6i0 gocinemicHux npenapamie ma ymiznueie Ha 6OPMY cYOHA MONCHA PEKOMEHOY8amu O 3aco-
CY8AHHA 8 HAYIOHATbHIL A MIdHCHAPOOHIT NPAKMUYi MOPCoKOI hymieayii eanmandicis.

Knrouosi cnosa: mopcvka gymieayis, ompymo-gymieanmu, ocehin, Ximiuni okucuosayi, dezaszayis, mapd.
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PROSPECTS FOR THE USE OF CHEMICAL OXIDIZERS FOR PHOSPHINE NEUTRALIZATION
AND DEGASSING IN MARITIME CARGO FUMIGATION

ABSTRACT. The transportation of grains, legumes and other regulated articles requires mandatory fumigation. Toxicological safety
of fumigation team and crewmembers of the sea merchant fleet is a mandatory condition for fumigation. Hazardous waste is generated
on board the ship during the work of the fumigation team. The development of a technique for phosphine residues degassing in con-
tainers, fumi-sleeves, etc. on board of a ship is an important scientific and applied task.

Aim of the research. Study the possibility of application of well-known oxidizers (hydrogen peroxide, chloramine, ozone, potassium
permanganate) for neutralizing and degassing of phosphine and phosphine-containing poison fumigants in marine cargo fumigation,
conduct an analysis of redox reactions of degassers with phosphine and assess the toxicity of chemical reaction products.

Materials and Methods. The analysis of phosphine content was carried out by the method of stationary gas chromatography on the
Tyvet-160 chromatograph, as well as by the method of electrochemical analysis using the Pac IIl — PH3, Accuro (Germany) and Toxy-
Pro (USA) portable devices. An analytical review of the literature was performed, laboratory-experimental and field studies for
degassing of phosphine and poisonous fumigants during marine fumigation of grain and fodder cargoes were conducted on ships of
the bulk fleet and in the seaports of Odesa, Chornomorsk, and Yuzhne.
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The results. It is shown that, contrary to existing methods, water and its soap solutions do not have destructive and neutralizing prop-
erties in relation to phosphine and phosphine-containing preparations. Their use for phosphine degassing is impractical and danger-

ous.

Conclusions. The application of aqueous solutions of typical oxidizers (chlorine, hydrogen peroxide, ozone, and potassium perman-
ganate) for degassing used containers from phosphine-containing preparations and fumigants on board ships can be recommended
for use in national and international practice of maritime fumigation of cargo.

Keywords: maritime fumigation, poison fumigants, phosphine, chemical oxidizers, degassing of containers from fumigants, simultane-
ous extinguishing and degassing of fumi-sleeves from phosphine fumigants

Beryn. BupomryBanns, 30ip Bpoxkaio Ta
MOPCBKHI €KCITOPT 3€PHOBUX, 36pHOO0O0BUX Ta
THITUX POCIMHHUX MiJAKAPAHTUHHUX BAaHTAXKIB €
OJIHUM 3 OCHOBHHMX 30BHIIIHBOEKOHOMIYHHMX
HaNpsMKIB €KOHOMIKM YKpaiHu. 30epeKeHHs
BaHTaXI1B Ta Oe3MeyHe IXHE NepeBe3eHHs — Hail-
BAXUIMBIIINN MOKAa3HUK SKOCT1 pOOOTH, TOKCHUY-
HOi Oe3neKku (pymiraTopHUKIB Ta YJIEHIB eKimla-
IB MOPCBKOIO ToproBejibHOro ¢mory. Ilepe-
BE3CHHS TAaKUX BaHTaXIB MOTpedye 000B’sI3KO-
BO1 (Qymiramii ans 3anoOiraHHs MOUIMPEHHIO
CLITbCHKOTOCIIOAAPCHhKUX MIKITHUKIB. Ha MixkHa-
POJHOMY pIBHI IIPABOBE pEryitoBaHHs (ymira-
11l BaHTaX1B Ha OOPTY CY/AEH 3A1HCHIOETHCS 3a
JIOTIOMOTOI0  psIly TMPABOBUX AaKTIB, 30KpeMa:
Kongeniii SOLAS-74; MixHapOgHOTO KOAEKCY
MOPCHKHX NEPEBE3EHb TBEPAUX MOPCHKHUX BaH-
taxiB (IMSBC) IMO; Pexomennauii IMO npo
Oe3neyHe BUKOPUCTAHHS NECTULUIB Ha CyJJHaX
(MSC.1/Circ.1358, 30.06.2010); Pexomennariii
IMO npo Ge3neuHe BUKOPUCTAHHS MECTUIUIIB
Ha Cy/IHaX, 3aCTOCOBHUX JIJIsl hyMirailii BAaHTax-
Hux TptomiB (MSC.1/Circ.1264, 27.05.2008 3
ypaxyBaHHSIM 3MIH JO HbOrO, BHECEHUX
MSC.1/Circ.1396, 16.11.2011); nepersanyTi
Pexomenanii mo70 0€31me4yHOro BUKOPUCTAHHS
NeCTUIHAIB (OTPYTOXIMIKATIB) HA CyJqHAX, IO
3aCTOCOBYIOThCS JUIsi (pymiraiii BaHTaKHHX
tpancnoptHux ogunauilb IMO (MSC.1/Circ.1361,
27.05.2010); Konekcy mnpakTukyd Oe3leku Ta
e(eKTUBHOCTI MOPCBKOI (ymiraiii MixHapos-
HOI MopchKoi opranizauli ¢ymirauii (IMFO); a
TaKOXX 1HIIUX JOKYMEHTIB, BUJIAHUX MIKHAPOJ-
Humu opranizauismu (IMO, BIMCO, GAFTA).

[Ipotsrom ocTaHHIX AECATUIIITH HallyacTilie
IpU MOPCHKOMY IMEPEBE3EHHI CLIbChKOIOCIO-
JAPCbKUX BaHTaXIB BUKOPUCTOBYIOTH (hymira-
nito  pochinom. Dochin  (dhochopucruii
BOJICHb) NOYaJIM 3acTOCOBYyBaTH 1€ 3 1934 p.
[TokexkoHEOe3MeUHICTh OTPYTOXIMIKATy OOMe-
JKyBaJla TOIYJSPHICTH pedoBuHU a0 1953 p.,
xoiu B HimeuunHi BUHaluM Horo TabieToBaHi
dopmu — ¢pocoin amominito (AlP) ta docdin
marHito (Mg,P;). TexHoisoris npoBeAEHHS
¢dymiramnii BUMarae peTesbHOI MIJATOTOBKU Ta
MOCTIHOTO KOHTPOJIIO: TPIOMHU, B SIKUX 30epira-
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Introduction. Cultivation, harvesting and
maritime export of grain, legumes and other
regulated articles are one of the main foreign
economic vectors of the economy of
Ukraine. Preservation of cargoes and their
safe transportation are the most important
indicators of toxic safety and the quality of
work of fumigation team and crewmembers
of the merchant marine fleet. Transportation
of such cargoes requires mandatory fumiga-
tion to prevent the spread of agricultural
pests. At the international level, legal regula-
tion of onboard cargo fumigation is carried
out in accordance with a number of legal
acts, in particular: the SOLAS-74 Conven-
tion; International Maritime Solid Bark
Cargoes Code (IMSBC IMO); IMO Recom-
mendations on the Safe Use of Pesticides in
Ships (MSC.1/Circ.1358, 30.06.2010); IMO
Recommendations on the Safe Use of
Pesticides in Ships. Applicable to the
Fumigation of Cargo Holds (MSC.1/Circ.1264,
27.05.2008 as amended by MSC.1/Circ.1396,
16.11.2011); revised Recommendations on
the Safe Use of Pesticides (Toxic Chemicals)
in Ships Applicable to the Fumigation of
Cargo Transport Units of the IMO
(MSC.1/Circ.1361, 27.05.2010); International
Maritime Fumigation Organization (IMFO)
Code of Practice for the Safety and
Effectiveness of Marine Fumigation; as well
as other documents issued by international
organizations (IMO, BIMCO, GAFTA).

During the latest decades, fumigation with
phosphine is the most often used during sea
transportation of agricultural cargo.
Phosphine (phosphorus hydrogen) was used
as early as 1934. The fire hazard of the poi-
sonous chemical limited the popularity of the
substance until 1953, when its tablet forms —
aluminum phosphide AIP and magnesium
phosphide Mg,P; — were invented in
Germany. The fumigation technology
requires careful preparation and constant
control: the holds in which the cargo is stored
must be hermetically closed during the
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€ThCSI BAaHTAXK, Yy Ipoleci (byMiraui'l' MOBUHHI
OyTH repMEeTHYHO 3aUMHEHI, a MiCNs MpOBeIeH-
H ¢ymiranii — nerasoBaHi. ICHYIOTH Takox
OOMEXKCHHs IIOJ0 MapaMeTpiB BONOroCTi (He
MmeHue 14 %) Ta TeMIepaTypH BaHTaXiB, fKi
3a3Ha0Th (hymiramii B peici.

3aknanka ¢(ymirytounx Ttabnerok ¢docdiny
AIIOMIHII0 200 MarHiro MPOBOIUTHLCS B 3aBAHTA-
KeHu# TproM. Pearyroun 3 Bosororo 3epHa a0o
KOpMiB, TabneTku BUALIsI0TE Ta3 pocdin (PH;),
SKHI [IUPKYIIOE€ BCePEeINHI BAHTaXKy TepMETHY-
HOT'O TPIOMY MPOTATOM JEKITbKOX JTHIB (Bi):[ 3 no
10) mix yac pyXy cynma. ITo 3aBepmeHH1 nepio-

Iy eKcro3uiii gymirarnii Ha cyz[Hl BiTUUHSAIOTH-
Csl KPHUILIKHA Ta BEHTWISALIMHI OTBOPH TPIOMIB i
JIera3y€eThcsi BaHTax Bia (ocdiny.

docdin HaAI3BUIANHO TOKCUIHHH JTS JTFOTU-
HU, B pa3l BUTOKY Ta3y 3 HErepMETHYHOTO
TPIOMY €KINaX CyqHa MiAJA€ETbCS 1CTOTHOMY
pU3UKy OTpy€eHHs. Binomi HeonHOpPa30Bi BUIA/I-
KA OTPY€Hb Ta HaBITh 3aruOesli MOPSKIB Bif
BITUBY ¢ochiny. Came 11i BUMTATKU CIIPUIHUHH-
JU po3poOKy psAAy AOAATKOBUX BHUMOT SIK IO
KOHCTPYKIIIM TPIOMIB CyJHa, TaK 1 JI0 nmpoueyp
(byerauu Oco06aMBO 11€ CTOCYEThCS HASIBHOCTI
Ha CyJHI CIeIiaIbHuX 3ac00iB, HEOOXIAHUX IS
Oe3mevHoi ¢ymiraiii BaHTaXy IiJ Yac TpaHC-
MOPTYBAHHA Ta 3aXHUCTY EKIMAXKY.

Croci6 macuBHOT (ymirarii ¢ochinom 3ep-
HOBHX Ta CLIbCHKOTOCTIONAPCHKUX MPOIYKTIB y
BAaHTXHUX TPIOMax Ha Cy[JHaX BKIIIOYA€E PO3Mi-
mieHHS OoTpyTodyMmiranTie y ¢QymiznuBax
(ToHeHbKI 0aBOBHSHI pyKaBa, B sKi Ha OOpTy
CylHa KJIaayTh TaOneTku ¢ymiranty). Koxken
(GyMI3/IMB Micisl PO3MIILIEHHSI B HbOMY (pymira-
MIAHUX TIperapariB MepeB'sI3yl0Th y KUIBKOX
MICIISIX 3 YTBOPEHHSM TipisHAN 3 GyMiramiiHu-
MU TIpenaparaMu, a TepeB's3aHi (Qymi3iauBU 3
npernapartamMi KpirisiTh 0 3arajlbHOTO JIHMHIO
TIpJSTHAM, SIKa PO3MILITY€ETHCS Ha MOBEPXHI BaH-
Taxy, o o0pobiseTscs, ado Ha muobuni 10-
15 cm. [IpoBoauThCS 3aKpiTUICHHS BITBHUX KiH-
IIB JIMHIO O KOMIHTCIB TPIOMY 13 30BHIIIHBOTO
00Ky 1 repMeTmauiﬂ 3aKPUTTS KPHUILOK, J1a31B Ta
)lBepeH TpIOMlB Ockinbku ocdin B 1,2 pasa
Ba)XYMI 32 MOBITPS 1 JIETKO 3 HUM 3MIIIy€ThCH,
BUTpUMKa (YMI3NUBIB y peiici Ha MOBEpPXHI
MPU3BOIUTE 0 Mirpaiii ¢Gocdiny B mubuny i
00pobieHHs Bcbhoro 00’emy BaHTaxy. Ilicis
3aKiHUEHHSI €KCITO3UIIi1 MPOBOAATH PO3repPMETHU-
3allil0 KPUIIOK TPIOMY 1 MOJAJIbIIE BIITyYSHHS
ripasHan 3 GyMi3ITHuBaMH.
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fumigation process, and degassed after fumi-
gation. There are also restrictions on humid-
ity parameters (not less than 14 %) and tem-
perature of cargoes that undergo fumigation
on sail.

Laying fumigating tablets of aluminum or
magnesium phosphide is carried out into the
loaded hold. Reacting with moisture in grain
or feed, the tablets release phosphine gas,
which circulates within the cargo of the
sealed hold for several days (from 3 to 10
days) while the vessel is on its way. At the
end of the fumigation exposure period, the
lids and ventilation holes of the holds are
opened and the cargo is degassed from phos-
phine.

Phosphine is extremely toxic to humans,
and in the event of a gas leak from a leaky
hold, the ship’s crew is exposed to a signifi-
cant risk of poisoning. Repeated cases of poi-
soning and even death of sailors from expo-
sure to phosphine are known. These cases led
to a number of additional requirements for
both ship hold structures and fumigation pro-
cedures for hold ventilation. This especially
applies to the onboard presence of special
means needed for safe fumigation of the
cargo during transportation and for protec-
tion of the crew.

The method of passive fumigation with
phosphine of grain and agricultural products
in cargo holds and cargo units on ships
includes placing poisonous fumigants in
fumi-sleeves (thin cotton sleeves into which
fumigant tablets are placed on board the
ship). Each fumi-sleeve after placing fumiga-
tion tablets in it is tied in several places to
form a garland with fumigations, and the tied
fumi-sleeves with fumigants are attached to
the main line of the garland, which is placed
on the surface of the cargo being processed
or at a depth of 10—15 cm. The free ends of
the line are attached to the coamings of the
hold from the outside and the lids, hatches
and doors of the holds are sealed. Since the
fumigant — phosphine — is 1.2 times heavier
than air and easily mixes with it, the expo-
sure of fumi-sleeves on the surface during
the sail leads to the migration of phosphine to
the depth and processing of the entire cargo
volume. After the exposure, the hold lids are
depressurized and the garland with fumi-
sleeves is removed.
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Takum uymHOM, Ha OOpTYy CyaHa MiA dYac
pobotu (ymirauiifHoi KOMaHAN YTBOPIOIOTHCS
HeOe3MneyHl BIAXOAW — alllOMiHIEBA Tapa BiJ
TabneTok (¢ymiraHty Ta/ab0 HANOBHEHUX
3a3paieriap Pymi3NIuBIB, K1 MICTATH 3aTUIIKH
Ta0JIETOK Ta MOPOIIKY (I)OC(blzuB ATIOMIHIIO
a6o maruito. Ilicns 3akiHueHHs ¢ywmiramii B
NOPTY NPU3HAYEHHS MICIIA BUAAICHHS JIMHIO 3
BIIIPAllbOBAaHUMU (PyMI3JIMBAMH BIH TaKOX
MJJIsATae JAeras3ailii Ta yTuiaizaiii sk 0co0IuBO
HeOe3neuni Bigxoau. Kpim TOro, BHCOKa
M0KEeKOHEOE3NEeUHICTh (bOC(blHy BUMArae
JOCJII/IKEHHSI YMOB Jierasaliii mij 4ac TyIIiHHs
MOXKEXKI, sIKa MOXE CHajJaxHyTH Ha OOpTy
Cy/lHa MpH BIAKPUBAHHI TPIOMIB 3 (yMirona-
HUM BaHTaKEM.

[Ipo6riema nomryky HOBUX Cy4acHHX XIMIY-
HUX PEYOBHUH Ta HAYKOBUX MIAXO/IB IIO/I0 HEM-
Tpamizauii Ta nerazauii QocgiHy OcTaHHIM
yacoM HaOyBa€e Bce OUIBIIOrO 3HAYEHHs, a0u
30epertu 310poB’sl (PyMIraTOpHUKIB Ta MOPSI-
KiB YKpaiHH IPU MOPCHKOMY TEepeBE3CHHI 3€ep-
HOBHX.

[To-nepure, mist HelTpamizamii Ta aerasaii
3anunikiB GocdiHy B altOMIiHIEBIM Tapl OTpy-
TO(QYMITaHTIB, a TaKOXK (PyMI3JIMBIB 13 3aJIMII-
kaMud (ociHBMICHMX TabJETOK Ta iXHBOTO
NUIy J0CI 3aCTOCOBYETHCS BOJA, KA 4epes
cBO1 (D13UKO-XIMIUHI BJIACTUBOCTI HE 3abe3re-
4y€ PO3YMHEHHS Ta Jera3aiiiro (I)ocany, nepe-
TBOPIOIOUH L[l 00’ €KTH HA CKOIIOTIYHY Ta Me/H-
KO-CaHITapHy HeOe3NeKy i JOBKULIA Ta
JIIO/IUHU.

[lo-npyre, y 1OCTyIHIN JiTepaTypi BiACYTHI
JaHl PO BUKOPUCTAHHS I1HIIUX XIMIYHUX
PCUOBHH Ta PELENTYP 3 MOTYKHUMH BIaCTHBO-
cTsiMu jaerasauii gocdiny B nepepaxoBaHuX
BHUIIIE 00’ €KTaX MOPCBKOT (dym™miraiii BaHTaxIiB.

[To-TpeTe, y npakTuLl HalaHHS JOMEANYHOT
JIOTIOMOTH TIPU IUTYHKOBOMY OTPYEHHI JIFOU-
HU TabJeTKaMu OTPYTO(QYMITaHTIB, TAKUX SK
dochin amomiHiio Ta (Gocdin MarHiro Ha
Ooopry cyaHa, s HelTpamizamii (B SKOCTI
aHTunoTa) QocdiHy 3acTOCOBYIOTH BEJHKI
JI034 BOAM. AJle B1JIOMO, MPpHU CIIOTy4YeHH1 (oc-
GbiIiB aJIOMIHIIO Ta MarHil0 3 BOJOIO BiJ0y-
BalOThCS MUTTEBI peakiii 3 BUKUAOM (pochiny
y BHCOKIM KOHLIeHTpalii B nuryHok. Came 11e
MOYKE CIIPUYUHUTH TSKKE OTPYEHHS Ta CMEPTH
MOCTPAXKIAJIOTO.

[To-ueTBepre, Aoci BiACyTHI Oyab-sKi JaHi
PO MEXaHI3MU CKIAJHUX (PI3UKO-XIMIYHUX
peakiiil HeWTpamizawii Ta aeraszauii Qocdiny
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Thus, dangerous waste is generated on
board the ship during the work of the fumiga-
tion team — aluminum containers from fumi-
gant tablets and/or pre-filled fumi-sleeves,
which contain the remains of tablets and alu-
minum or magnesium phosphide powder. At
the end of fumigation at the port of destination,
after removal of the spent fumi-sleeves line, it
is also subject to degassing and disposal as
especially hazardous waste. In addition, the
high fire hazard of phosphine requires the
detailed study of degassing conditions during
extinguishing a fire that may break out on
board a ship when the holds with fumigated
cargo are opened.

The problem of finding new modern chem-
icals and scientific approaches for neutraliza-
tion and degassing of phosphine PH3 has
recently become more and more important in
the sea transportation of grain for the health
protection of fumigation team and sailors of
Ukraine.

Firstly, water is still used for neutralization
and degassing of phosphine residues in alu-
minum containers of poison fumigants, as
well as fumi-sleeves with residues of phos-
phine-containing tablets and their dust. Due to
its physical and chemical properties, water
does not ensure phosphine dissolution and
degassing, turning these items into objects of
environmental and health hazards for the envi-
ronment and people.

Secondly, in the available literature, there is
no data on the use of other chemicals and for-
mulations with powerful properties of phos-
phine degassing in the above-mentioned
objects of marine fumigation of cargoes.

Thlrdly, in the practlce of prov1d1ng first
aid in case of stomach poisoning of a person
with poisonous fumigant tablets, such as alu-
minum phosphide AIP and magnesium phos-
phide Mg,P; on board a ship, large doses of
water H,O are used to neutralize (as an anti-
dote) phosphlne (hydrogen phosphorous).
However, it is known that when aluminum
phosphides AIP and magnesium phosphides
Mg,P; are combined with water, instanta-
neous reactions occur with the release a high
concentration of phosphine in the stomach.
This can cause severe poisoning and death of
the affected person.

Fourth, there is still no data on the mecha-
nisms of complex physical and chemical reac-
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TpY OJHOYACHOMY racinHi Ta jgerasarii ¢gymi-
37MBIB 1 (yMINOydiB i3 3aiMIIKaMU TaOIEeTOK
OTpyTO(pyMIraHTIB TPU TOXKEXKAX Yy TproMax
Cy[EH y TopTax Ta Ha pelcax JaJleKoro IJia-
BaHHSI.

Omnucy (bi31/11<0 XIMIYHUX BJIACTHBOCTEH
ocoiny Ta ioro peakiiiiHoi 31aTHOCTI npu-
CBSYCHI PO3ILIN MOHOTPAIid, CHIMKIONE/ii
Ta omsdiB [1-4], me, Ha KaJyb, BIACYTHI JaHi,
HEOOXiMHI Il PO3pOOKH Ta ampiopHOTO
oOTpyHTYBaHHS 3ac00iB Horo Jerasarii, 0co0-
JUBO B MOPCBHKiHA (ymirarmii BaHTaxiB.
BpaxoByrouwn, mo ¢ocdin 3a CBOIMU XIMIYHH-
MU BIACTHBOCTSIMH HAJEXKUTh OO CHIIBHUX
BIIHOBHUKIB [5, 6], y XIMIYHHUX pEaKIlisgx
OKHCJICHHS-BITHOBJICHHA I HOTO HEeWTpai-
3aI1ii MOXYTh BHKOPHCTOBYBATUCH Pi3HI OKH-
ciroBavi. Tak, 3a meBHUX YMOB (pocdiH oKuc-
JI0€ThCSI TIEPMAaHTaHATOM Kajilo, XJIOpOM,
MEPEKUCOM BOIHIO, 030HOM. JlocmimKeHHs
[IOA0 BHKOPUCTAHHSA TOCTYIMHHUX MPOCTUX
OKHCJIIOBAYiB TIPH PO3pOOIII METOIUKHU Jera-
3amii 3anumkiB Gocdiny B Tapi, pymiznmBax
TOIIO € BAXIUBUM HAayKOBO-TIPUKIIAJIHUM
3aBaaHHsM [1, 7].

Meta. BuBueHHS MOXKIMBOCTI 3aCTOCYBaH-
HS BIJOMUX OKHCIIOBa4iB (IIEPEKUCYy BOMAHIO,
XJIOpaMiHy, 030HY, IEpMaHTaHaTy KaJiio) IS
3HEIKO/DKCHHS, HEeWTpaiizaiii Ta maerasarfii
docdiny Ta pochiHBMICHUX OTPyTOhyMiraH-
TiB y MopCLKiﬁ q)yMiraui'l' BaHTaXIB, npoBe-
JICHHS aHAJI3y OKHMCHO-BIIHOBHHX PEaKIiif
Jierasaropis i3 GpochiHoM 1 OLiHKA TOKCHIHO-
CTi MPOAYKTIB XIMIYHUX pEaKLiil.

Marepiain Ta Metoau. AHami3 BMICTY
dochdiny MpoBEeIEHO METOAOM CTallilOHApHOT
ra3oBoi xpomarorpaii Ha xpomarorpaci
«IBeT-160», a TakoXK METOAOM EJIEKTPOXiMiu-
HOTO aHalli3y 3a JOMOMOTOI0 TMEepPEeHOCHUX
npunaniB «Pac III — PH3», «Accuro»
(Himeyunna) Ta «Toxy -Pro» (CIIA).
3po0ieHo aHANITUYHUN OIS JIiTepaTypH,
71a00paTOpHO-EKCIIEpUMEHTaNIbHI Ta HATYpHI
JOCITIDKCHHST Ha CyIHAaX OalKepHOTO (IIOTY
Ta B MOpchKux noptax Onecu, YHopHOMOpChKa
ta FOxHoro mpu nerasarii Big ¢docdiny Ta
OTPYTOPYMITaHTIB TPH MOPCHKIA Qymirarrii
3epHOBUX Ta KOPMOBHX BaHTaXiB.

Pe3yabraTn Ta odrosopenns. Ha Gopry
cynHa «Mexanik Ilerpo Kinimenuyk» Bnepiie
MPOBEJIEHO EKCIEPUMEHTANbHI JIOCIIKEHHS
3 TOIIYKY areHTiB Ta METOMIB Jeraszailii Bif
docdiny Ha OOpTY, a TAKOXK 3AIHIIKIB (HyMmi3-
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tions of phosphine neutralization and
degassing during simultaneous extinguishing
and degassing of fumi-sleeves with the
remains of poisonous fumigant tablets during
fires in the holds of ships in ports and on long-
distance voyages.

Sections of monographs, encyclopedias and
reviews [1-4] are devoted to the description of
the physicochemical properties of phosphine
and its reactivity, but unfortunately, there is no
data necessary for the development and a priori
substantiation of means of its degassing, espe-
cially in marine fumigation of cargoes. Given
that phosphine is a strong reducing agent
according to its chemical properties [5, 6], var-
ious oxidizing agents can be used for its neu-
tralization in oxidation-reduction chemical
reactions. Thus, under certain conditions, it is
oxidized by potassium permanganate, chlorine,
hydrogen peroxide, and ozone. Research on the
use of available simple oxidizers in the devel-
opment of a technique for degassing phosphine
residues in containers, fumi-sleeves, etc. is an
important scientific and applied task [1, 7].

Aim. Study the possibility of application of
well-known oxidizers (hydrogen peroxide,
chloramine, ozone, potassium permanganate)
for neutralization and degassing of phosphine
and phosphine-containing poisonous fumigants
in marine fumigation of cargoes, conduct an
analysis of redox reactions of degassers with
phosphine and assess the toxicity of chemical
reaction products.

Materials and Methods. Analysis of phos-
phine content carried out by the method of sta-
tionary gas chromatography on the Tsvet-160
chromatograph, as well as by the method of
electrochemical analysis using portable
devices Pac III-PH3, Accuro (Germany) and
Toxy-Pro (USA). Analytical review of the lit-
erature, laboratory-experimental and field
studies on ships of the bulk fleet and in the sea-
ports of Odesa, Chornomorsk and Yuzhne dur-
ing degassing from phosphine and poisonous
fumigants at marine fzumigation of grain and
fodder cargoes were carried out.

Results and Discussion. For the first time,
experimental studies were carried out on board
of the Mechanic Petro Kilimenchuk merchant
vessel to research into agents and methods of
phosphine degassing on board the ship, as well
as residues in fumi-sleeves [8]. They were
removed from the holds after the grain was
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nuBiB. Ix Gyno BumydeHo 3 Tpromis micis gymi-
raii 3epHa B peiici [8]. 3anypeHHs (pyMi3nTuBiB
13 3anuiikamMu mpernapariB GocdimiB anomi-
HII0 Ta MarHiro K y OOYKHU 3 BOJOIO, TaK 1y
20 % BOIHUI PO3YUH MHIHOTO 3acO0y CYIpO-
BO/DKYBAJIOCSI OypXJIMBUMU PEAKIISIMU 3 BUKH-
JIOM Ta 3aliMaHHAM Ha IOBEPXHI razy Gocdiny.
Horo xoHueHTparlist B 000X Bumnajakax (ikcyBa-
naca B Mexkax 1540-1600 mr/m® (TIK p.3. —
0,1 mr/m®). Ile o3Hauae, MO HA MPOTUBATY
ICHYIOYMM peKoMeHialisimM [9] Hi Boja, Hi BOA-
HUW PO3YUH MUIOYOTO 3ac00y HE JO3BOJISIIOTH
OUYMCTUTU BIAXOIU (PYMI3JIHMBIB BiJ 3aJIMIIKIB
docdiny Ha OOPTY CymHA B peici.

Ha mopsiaky AeHHOMY MOCTajao MUTaHHS
nomyKy Oe3MeyHOro Npu BUKOPUCTAHHI Ha
OopTy cyaHa peareHTy, sKuil OyB OW HOCTYT-
HUM, HETOKCUYHHUM, IIBUJKO pearysas 3 ¢oc-
¢binamu Ta (ochiHOM 3 YTBOPEHHSIM HETOK-
CUYHHMX TPOAYKTIB, a TAKOXK, 100 0OpobiIeH1
Tapa Ta (QyMI3UBA HE BUIULUIA B TOBITPS
docdin. Lle no3BonmuTh O€31MIEUHE BUBAHTAKEH-
Hs POJIYKIIIT 13 CyJIHA, YTUIII3AIlit0 SIK BTOPHUH-
HOI CHPOBHHH Ta MEPEPOOKY aTrOMiHIEBOT TaApH
BIJl OTPYTOXIMIKATIB.

Buxomsian 3 XiMiYHMX BIacTHBOCTEH (oc-
¢biHy, TOIIyK peareHTIB AJisi HOro OKUCIICHHS
MPOBOIMIN Cepell TUIIOBHUX, IIUPOKO PO3MOB-
CIOJUKEHUX 1 BIJOMHUX OKHCITIOBAYiB.

Haiibinbpmi HedTpasni3yodl BIACTUBOCTI
Oyno BusiBneHo y migkucieroro 0,1 % BogHoro
PO3UMHY CHJIBHOTO OKHCIIOBa4a — IEepMaHTra-
Hary kamio (KMnQO,), konmu moBHa aerasarfis
0aHOK BiJ OTPYTH IIBUAKO HACTyMaya MiCIs
1,0-1,5 xBunuH 00poOKU Tapu.

PROBLEMATIC TOPICS

fumigated on the voyage. Immersion of fumi-
sleeves with residues of aluminum and mag-
nesium phosphide preparations both in barrels
with water and in a 20% aqueous solution of
detergent was accompanied by violent reac-
tions with emission and ignition of phosphine
gas on the surface. The concentration of PH3
in both cases was fixed in the range of 1540—
1600 mg/m? (TLC in the workplace —
0.1 mg/m?®). This means that, contrary to
existing recommendations [9], neither water
nor an aqueous detergent solution can clean
fumigant waste from phosphine residues on
board a ship during a voyage.

On the agenda was the question of finding a
reagent that would be affordable, non-toxic,
quickly react with phosphides and phosphine
with the formation of non-toxic products and
safe when used on board a ship, as well as so
that treated containers and fumi-sleeves do not
emit phosphine into the air. This will allow safe
removal of products from the ship, disposal as
secondary raw materials and processing of alu-
minum containers from toxic chemicals.

Based on the chemical properties of phos-
phine, which is a strong reducing agent, the
search for reagents for phosphine oxidation
was conducted among typical, widespread
and known oxidizing agents.

The greatest neutralizing properties were
found in an acidified 0.1% aqueous solution
of a strong oxidizer — potassium perman-
ganate (KMnO4), when complete degassing
of the cans from the poison occurred quickly
after 1.0—1.5 minutes of container treatment.

5PH3 + 8M1’104- + 24H+ = 8MI]2+ + 5H3PO4 + 12H20

Taxkwuii crioci6 nmerasaiiii MaB CBOi MepeBaru:

* PO3YHMH MOXJIHMBO IMPHUTOTyBaTH MPSMO Ha
00OpTy CyaHa 3 HEBEIHMKOI KITBKOCTI 3a3/a-
JIETiJIb MiITOTOBJICHUX PEarcHTIB,;

* peakiis BimOyBaeTbCsl OyXKE IIBHJIKO, 32
KOPOTKMH dYac MOXXHa OOpOOWUTH BEIUKY
KUIBKICTh Tapu;

* MOXJUBICTH Jerasaiii BIIXOAIB Tapw Ta
IIEPEBEJCHHS 11 y BTOPUHHY CUPOBHHY Ha
CYIIHI.

IcToTHI Bamu 1BOTO peareHTy MarwTh HE

X1MIKO-TOKCHKOJIOT1YHHUH, a CyTO OFOpOKpaTHy-

HHUM XapakTep, ajxe:
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This method of degassing had its advantages:
* the solution can be prepared directly on

board the ship from a small amount of pre-

prepared reagents;

« the reaction is very fast, a large amount of
containers can be treated in a short time;

* the possibility of degassing waste contain-
ers and converting them into secondary
raw materials on ships.

The significant disadvantages of this
reagent are not of a chemical-toxicological
nature, but of a purely bureaucratic nature,
because:
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* TepMaHraHaT KaJilo BiIHOCHTbCSA 1O TIpe-
KypcopiB, Juist poOOTH 3 HUM Tpeba OTpuMy-
BaTH BIAIIOBIJIHUN JTO3B1I;

* BIANpPaIbOBAHUNA PO3YHH MICTUTH CHOIYKH
MapraHIilo B PI3HUX CTYMEHSX OKHUCICHHS,
TOMY BiH IIOBHHEH OyTH BUJIYYCHHH 3 CyHA
Ta yTUJII30BaHUN 32 MEXaMHU MOPTY.

i Baju BIICYTHI NIPU BUKOPUCTAHHI BOJHO-

ro po3unHy nepekucy BoaHwo H,O,.

Ake HaBITh 3a 3 %-TO TEPEKUCY BOHIO

MOBHA Jleras3ailisi BiJOyBa€ThCs MICIs 3 XB.

00poOKH.

PH3 + 4H202 =
AlP + 4H202 =

PROBLEMATIC TOPICS

* potassium permanganate belongs to pre-
cursors, to work with it you need to get the
appropriate permission;

* the spent solution contains manganese
compounds in various degrees of oxida-
tion, so it must be removed from the ship
and disposed of outside the port.

These drawbacks are not present when we
use an aqueous solution of hydrogen peroxide
H,0..

After all, even with 3% hydrogen peroxide,
complete degassing occurs after 3 minutes’
treatment

H,PO,+ 4H,0
AIPO, + 4H,0

Mg;P, + 8H,0, = Mg; (PO,)* + 8H,0

[TepeBaramMu Takoro crocoOy jaerasaiii €:

* BHUKOPUCTAaHHS JOCTaTHHO JEIIEBOTO 1
JOCTYITHOTO PEareHTy — MepTriapoIiio;

* pO3YUMH MOXe€ OyTH HpPUTOTOBIECHHUM Ha
00OpTy cyaHa 3 KOHIEHTPATy HUIIXOM pO3-
YUHEHHS B TEXHIYHIA BOJII;

* mpu peakiii «pocdiH + MepeKuc BOIHIO»
KIHIIEB1 MPOIYKTH — MaJOTOKCHYHI Ta 0e3-
MEYHI ISl JIFOJUHHU Ta JOBKULIS, 30Kpema
H;PO, — opTodocdopna kucsora Ta ii coi,
AK1 Mailke He pO3YMHHI y BOAl, HE MOTpe-
OyIOTb CIeI[iaJIbHUX YMOB JUISl YTHIIi3allii.
OnHUM 13 OCHOBHHX KJIACHYHUX KOMIIOHEH-

TiB JIs Jaeraszanii HeOe3MmeYHUX OTPYHHHUX

PEUOBHH € XJIOP 1 XJIOPOBMICHI CIIOJTYKH: T1ITO-

XJIOPUT, XJOpaMiH, MOHOXJIOpaMiH Ta 1HIII

[11, 12]. ¥ Hamux 1abopaTopHO-€KCIIEPUMEH-

TAIBHUX JOCTIDKEHHSIX ISl HeWTpamizarii

3anumikiB Qocdiny mnpu aerasaiii Tapu Bij

OTpYTOQYMITaHTiB Ha OOPTYy CyIHa BHUKOpPHU-

CTOBYBAJI BIJIOMHI TIpemapar XJjopy — Xjopa-

MmiH B 3 ¢popmynoro C¢Hs;SO,N (Na) CI 4H,0

[13]. Peakmis merasamii CHIIBHOTO BITHOBHUKA

docdiny Ta docdiny amrOMIHIIO 3 CHIBHUM

OKHCIIOBaueM xJyiopamiHom b mpoxoauna mo

TUILY:

xnopamin b o

?

The advantages of this method of

degassing are:

 the use of a sufficiently cheap and avail-
able reagent — perhydrol;

* the solution can be prepared on board the
ship from the concentrate by dissolving in
technical water

» with the phosphine + hydrogen peroxide
reaction, the final products are of low toxi-
city and safe for humans and the environ-
ment, in particular, H;PO, — orthophos-
phoric acid and its salts, which are almost
insoluble in water and do not require spe-
cial conditions for disposal.

One of the main classic components for
degassing dangerous poisonous substances is
chlorine and chlorine-containing compounds:
hypochlorite, chloramine, monochloramine
and others [11, 12]. In our laboratory-experi-
mental studies, a well-known chlorine prepara-
tion — chloramine B with the formula
CsHsSO,N (Na) Cl 4H,O [13] was used to
neutralize phosphine residues during degassing
of containers from poisonous fumigants on
board the ship. The degassing reaction of the
strong reducing agent phosphine and alu-
minum phosphide with the strong oxidizing
agent chloramine B proceeded as follows:

o chloramine B

<
~

s al
N/
|
Na

PH3 + C()HsstN (Na) Cl 4H20 = H3PO4+4N3C1+4 C()HssOZNHz
AlP + C6H5802N (Na) Cl 4H20 = A1P04+4N3C1+4 C6H5802NH2
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KinneBumu npoaykramu peaxiiiii aerasariii
dbochiny € He3HayHa KUIBKICTh O€3MEeYHUX
ximiuHux crionyk: NaCl — kyxoHHa cijib, c1a0-
ka oprodochopna kucimora H;PO, 1 Hepos-
yiuHHUHA ocaa opTodocdary amominito AIPO,
ta amiz 6enzocynbdokucioru CcHsSO,NH,.

[lepcniekTuBHUM € BUKOpUCTaHHS 5—15 %-
ro BOJHOTO PO34YMHY O30HY I HEWTpami3amii
¢docdiny Ta 3aiMmIKIB TAaOJIETOK (PyMIraHTIB
docoiny amominio 1 pocdiny marsiro. Big
KOHIICHTpaIlli 030HY 3ajexalia IMIBUIKICTh
nepediry peaxiiii OKUCICHHs. Y HallluX eKCIIe-
PUMEHTAJIbHUX JOCIIDKEHHSX peakilli aera-
3auii Tapu orpyropymiranTi [14, 15] npoxo-
JWIA HACTYITHUM YHHOM:

PROBLEMATIC TOPICS

The final products of phosphine degassing
reactions are a small amount of safe chemical
compounds: NaCl table salt, weak
orthophosphoric acid H;PO, and insoluble pre-
cipitate of aluminum orthophosphate AIPO,
and amide of benzosulfonic acid CqHs;SO,NH,.

It is promising to use a 5-15% aqueous
solution of ozone to neutralize phosphine and
the remains of aluminum phosphide AIP and
magnesium phosphide Mg;P, fumigant
tablets. The speed of the oxidation reaction
depended on the ozone concentration. In our
experimental studies, the degassing reactions
of poisonous fumigant containers [ 14, 15] pro-
ceeded as follows:

3PH, + 40, = 3H,PO,
3AIP + 40, = 3AIPO,
Mg;P, + 40; = Mg; (PO,),

VYHacniok mux XiMIYHUX pPEakiiii MOBHI-
CTIO HEUTpa3yeThCsi POCPIH Ta YTBOPIOETh-
cs He3HauHa KiibKicTh AIPO4 — docdarty amo-
MmiHit0 Ta Mg3(POy), — docdary marniro.

HepeBaraMI/I TaKOTO cnoco6y nmerasartii €:

* WIBHJKMII MPOLEC Jera3anii.

* micas Jerasauii BiANpPalbOBAHMH PO3YMH
He ToTpelye creliaJbHuX YMOB JUISl YTHITI-
3arii.

Hepnonikom 11boro peareHTy € Horo HecTii-
KicTb. Ilicis 030HyBaHHSI BOAM PO3YUH MOBU-
HEH OyTH BUKOPHUCTAHUN MPOTATOM 2 TONIUWH.
e oquH iCTOTHUI HEONIK — 1€ HU3bKa MPO-
JTYKTUBHICTh MOOUIBHMX O30HATOPIB, KA HE
JIO3BOJISIE TIPOBECTH O30HYBaHHS BOAM Ta
Jlera3ailiro BIIXOMIB Tapu Ta (yMi3JIMBIB Ha
0opTy cynHa.

Uepes 30iblICHHS BUMAAKIB 3aiiMaHHS
OTpyTOXIMiKaTiB y (ymi3nuBax y Tpromax
cynHa 3 (hyMIirOBaHMMH BaHTakaMH B peiicax i
MopTax, OJHIEIO 3 HaﬁaKTyaJILHimI/IX MI>KHa-
POZIHUX MOPCBKHX SKOJIOTIYHHX MPOOIEM € He
TIJIbKU TAaCIHHA TOXKEXI, aje U Oe3rnexka oaHo-
9JacHOi jaerasaiii Bix ¢pocdiny (byM13Jn/IBlB Ha
oopty cynHa [16]. IcHyioua Ha JaHMIT MOMEHT
3ryOHa MPAaKTHKa TaCiHHs MOKEK (yMi3InBIB
3 OTPYTOXIMIKaTaMU CHUITy9UMH PEYOBHHAMU
(micOK, EMEHT, MOPOILIOK Kpehan) abo BUKU-
JMaHHS IXHIX TajJaloduxX BIIXOIIB 3a OOpT
Cy/llHa TIOB’si3aHa 3 PU3MKAMH TEPMIYHOTO Ta
TOKCUYHOTO ypa)XeHHSI MOPSIKiB Ta JOKEpiB, a
TaKOXX CIIPUUYMHSE XIMIYHE 3a0pYyIHEHHS MOPSI
Ta aTMOoc(epHOro MoBITPsl Ha OOPTY, HABKOJIO
cynHa, Ol mpuYaiy Ta Ha peni.
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As a result of these chemical reactions,
phosphine is completely neutralized and a
small amount of AIPO, — aluminum phos-
phate and Mg;(PO,), —magnesium phosphate
is formed.

The advantages of this method of degassing are:
+ fast degassing process.

« after degassing, the spent solution does not
require special conditions for disposal.

The disadvantage of this reagent is its insta-
bility. After the ozonation of water, the solu-
tion should be applied within no more than
2 hours. Another significant drawback is the
low productivity of mobile ozonizers, which
does not allow water ozonation and degassing
of waste containers and fumigants on board
the ship.

Due to the increase in cases of ignition of
poisonous chemicals in fumi-sleevs in the
holds of ships with fumigated cargoes in voy-
ages and ports, one of the most urgent interna-
tional maritime environmental problems is not
only fire extinguishing, but also the safety at
simultaneous degassing of fumi-sleeves from
phosphine on board the ship [16]. The current-
ly harmful practice of extinguishing fumigant
fires with toxic chemical bulk substances
(sand, cement, chalk powder) or throwing
their burning waste overboard is associated
with the risks of thermal and toxic damage to
sailors and dockers, and also causes chemical
pollution of the sea and the atmosphere air on
board, around the vessel at the berth and on the
roadway.
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Jns pilieHHs TUX BaXJIMBHX NpoOIeM
Oy710 po3po0IICHO CIIOCiO OJHOYACHOTO TaCiH-
Hs Ta aerasanii GochiHBMICHUX TpenapariB
y QymiznuBax npu iXHbOMY 3aiiMaHHI B TPIO-
Max CyaHa [17] VY XIMIYHHX peakIisx OTHO-
YaCHOTO TACIHHS Ta 3HEWIKO/DKCHHS (1erasa-
i) Big QocdiHy BiAXOmIB (PyMiraminHux
MperapariB Micis iX BUIYYCHHS 3 TPIOMY 1
3aHYPEHHS B EMHICTh 3 PO3YHHOM IIEPEKUCY
BOJIHIO TEepen0avacThCsi BUTPATa YOTHPHOX
morneit H,O, Ha koxkeH Moib Gochiny:

PROBLEMATIC TOPICS

To solve these important problems, a method
of simultaneous extinguishing and degassing of
phosphine-containing preparations in fumi-
sleeves when they ignite in the ship’s holds was
developed [17]. In the chemical reactions of
simultaneous extinguishing and neutralization
(degassing) of fumi-sleeves from phosphine
waste after they are removed from the hold and
immersed in a container with hydrogen perox-
ide solution, the consumption of four moles of
H,0, for each mole of phosphine is assumed:

PH3 +4 H202 = H3PO4 + 4H20

Taxkum 4MHOM, AJIS erasanii Ta 3HeIIKOA-
xeHHs | T TabmeTtok Qocdigy amroMiHIIO
(mpu BMicTi B ipemnapati 50 % mac. iHepTHUX
PEYOBHH) MOTPIOHO BUTpaTUTH 1,7 T Iepeku-
Cy BOJIHIO, 1110 BifmnoBigae 1,95 M meprimpo-
mo (50 % wmac., miineHicTh 1,20 1/MIT).

Cnig BpaxyBaTd, IO TpU Jeraszailii Ha
0opTy CynHa BUTATHYTHX 3 TPIOMY MaJaio-
YuX 3alHIIKIB TaOJeTOK (yMiramiiHux
pearentiB (ALP 1 Mg;P,) 5-10 % BomHuM
PO3YMHOM TMEPEKHUCY BOIHIO B 30H1 XIMiYHOT
peaxiii, KpiM OCHOBHOTO peareHty (pocdi-
Ay amoMmiHiio Ta (ocdiny Mariio), 3Haxo-
JATHCSI TAKOXK 1HII PEYOBMHU Ta Marepiaiu:
oOropinmii OaBOBHSHUI Marepian pyKaBiB —
¢bymiznmuBiB (Ope3eHT, 0aBOBHsSHA TKAaHWHA),
IHEpTHI HaNOBHIOBauYi TabJIETOK OTPYTOdY-
MITaHTIB, MPU3HAYCHUX JJIS YMOBUIbHEHHS
rigpomizy pocdiniB (kapOoHAT i TimpokapOo-
HaT aMOHit0, mapadiH, amiak), MPOAYKTH Ti/I-
posiisy OCHOBHOTO peareHTy (iIpOKCHA
aOMIHi0 200 MarHiio) i MPOAYKTH Mipoi3y
(ropiHHS) OpraHiYHUX PEYOBHH (BYIJICKHC-
JWi 1 yaaHui ra3, AUM, IPOAYKTH TEPMOe-
CTPYKIIi1 LETT0I03H).

OOropini AUISHKY TKaHUHU (DyMI3TUBIB —
1€ CKJIaJIHA CyMIII XIMIYHUX MPOIYKTIB PO3-
KJIAy TEITFONIO3H, 10 MICTATh (DyHKITIOHATb-
Hi TPYIH, SKi JIETKO OKUCITIOIOTHCS — aNbJe-
rioy, TOJIOAW, HEHACHYCHI CIOJIYKH.
Po3paxyHku MOKa3yroTh, 10 3arajbHa Maca
TakuX QYHKIIOHAIBHUX TPYI, SKi JIETKO
OKHCITIOIOTBCS, B 0OTOpLIii TKaHUHI (Hymi3-
JNUBIB He MOXKe TepeBunryBaty 10~ Big Macu
camoi TKaHUHH. Buxoasuum 31 cxem IXHBOTO
XIMIYHOTO OKHCIICHHS:

3 ommaay Ha CTeXiOMETpilo peakilii
BUJHO, 11O BIJHOIICHHS MacH pearyrdoro
NepeKucy BOJHIO 0 Macu BiAMOBIAHOL
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Thus, for degassing and neutralization of 1g
of aluminum phosphide tablets (when the
preparation contains 50% by weight of inert
substances), it is necessary to spend 1.7g of
hydrogen peroxide, which corresponds to
1.95ml of perhydrol (50% by weight, density
1.20 g/ml).

It should be taken into account that during
the on board degassing of extracted from the hold
burning residues of tablets of fumigation reagents
(ALP and Mg;P,) with a 5-10% aqueous solution
of hydrogen peroxide in the chemical reaction
zone, in addition to the main reagent (aluminum
phosphide and magnesium phosphide), there are
as well other substances and materials: burnt cot-
ton material of fumi-sleeves (tarpaulin, cotton fab-
ric), inert fillers of poisonous fumigant tablets
intended to slow down the hydrolysis of phos-
phides (ammonium carbonate and hydrogen car-
bonate, paraffin, ammonia), hydrolysis products
of the main reagent (aluminum or magnesium
hydroxide) and products of pyrolysis (burning) of
organic substances (carbon dioxide and carbon
monoxide, smoke, products of thermal destruction
of cellulose).

Burned areas of the fabric of fumi-sleeves
are a complex mixture of chemical products of
cellulose decomposition, containing functional
groups that are easily oxidized — aldehydes,
polyols, unsaturated compounds. Calculations
show that the total mass of such functional
groups, which are easily oxidized, in the burned
fabric of fumi-sleeves cannot exceed 107 of the
mass of the fabric itself. Based on their chemi-
cal oxidation schemes:

Considering the stoichiometry of the reac-
tions, it can be seen that the ratio of the mass of
the reacting hydrogen peroxide to the mass of
the corresponding functional group does not

15
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(GyHKLIOHATBEHOI TPYIIH HE TIEPEBUILY€E 3HAUCH-
Ha 1,5 (y peakuii (1) BiIHOIICHHS JOPIBHIOE
1,17; y peakmii (2) — 1,10; y peaxuii (3) — 1,42).
TakuM 4YMHOM, SIKIOIO JOMYCTUTH, IO Maca
TOpiBIIMX 1 OOMaNeHWX MAUITHOK (Dymi3TuBIB
craHoBuTh 200 T (MpuUitHATO i3 3amacom), TO
JIOAATKOBI BUTPATH MEPEKUCY BOAHIO TP JeTa-
3amii ¢pochiny MOXYTh y Topuux (ymizauBax
cxkinactu 1o 30 .

OTxe, MpU OJJHOYACHOMY TaciHHI Ta Jerasa-
i Bix docdiny BigxomiB (ymiramiiHux mpe-
napartiB micis X BHUIyYEHHS 3 TPIOMY Ta 3aHy-
PEHHSI B EMHICTH 3 PO3YHMHOM TEPEKUCY BOIHIO,
3arajibHa Maca MEepeKrcy BOAHIO MOBMHHA CTa-
HOBUTH He MeHue 1335 r Ha okucieHHs 1 Kr
¢dymiranTy, 30 T Ha OKHCICHHS TIPOAYKTIB TEp-
MOJIECTPYKIIiT 1eono3u (GyMi3nuBy Ta 687 r Ha
MOXIIMBE HEMPOAYKTHBHE po3kiaaaanHs. [lpu
00’eMi Jera3aiifHOro 3HEIIKOKYIOUOro pPO3-
gy 200 1 —1e 7,21 r/m a6o 0,72 %, 1o Bu3Ha-
Yae MPONOHOBaHY HAMH KOHIIEHTpAIIilo poOovo-
ro 5-10 % po3unHy nepexrcy BOAHIO SK edek-
THBHY Ta HaUTMIIKOBO JOCTATHIO.

OTpuMaHi eKCrepiUMEHTalbHI Ta PO3paxyH-
KOBI J1aH1 T03BOJISIOTH BCTAaHOBUTH, 1110 5—10 %
BOJHHI PO3YHH MEPEKUCY BOAHIO — 1€ e(hEeKTUB-
HUI 3aci0 A OTHOYACHOTO TaciHHS Ta Jerasa-
mii Bixm Qocdiny QGyMi3IUBIB i3 3aIHIIKAMH
OTpyTO(YMIraHTiB MPU IXHHOMY 3aliMaHHI B
TPIOMax CyJHa.

BucHoBku

1. Orpumani B mabopaTopHuX Ta Haryp-
HUX JIOCIIUKCHHSX Ha CyIHaxX JaHi J03BO-
JSIFOTHh CTBEPIKYBATH MPO JIOCTOBIPHY BiACYT-
HICTh Yy BOAII Ta ii MUJIBHUX PO3YUHAX JECTPYK-
TUBHMX Ta HEWTPalli3yIOuuX BIACTUBOCTEH
dochiny Ta QochiHBMICHUX Mpemnaparis.
JloBeieHO HEAOIIBHICTh Ta HEOE3MeYHICTh
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exceed 1.5 (in the case of reaction (1), the
ratio is 1.17; in reaction (2) — 1.10; in reac-
tion ( 3) — 1.42). Thus, if we assume that the
mass of the burnt areas of fumi-sleeves is
200g (which is taken with a margin), then the
additional consumption of hydrogen perox-
ide during the degassing of phosphine in
burnt fumi-sleeves can be up to 30g.
Therefore, during simultaneous extin-
guishing and degassing from phosphine of
waste fumigants after their removal from the
hold and immersion in a container with a
hydrogen peroxide solution, the total mass of
hydrogen peroxide should be at least 1335¢g
for the oxidation of lkg of fumigant, 30g for
the oxidation of the products of thermal
destruction of fumi-sleeve cellulose and 687g
for possible unproductive decomposition.
With a volume of degassing decontamination
solution of 2001, this is 7.21g/l or 0.72%,
which proves our suggested working concen-
tration of 5-10% hydrogen peroxide solution
(H,0,) as effective and more than sufficient.
The obtained experimental and calculated
data make it possible to establish that a 5—
10 % aqueous solution of hydrogen peroxide
is an effective mean for simultaneous extin-
guishing and degassing from phosphine of
fumi-sleeves with the residues of poisonous
fumigants when they ignite in the ship’s holds.

Conclusions

1. Reliable data obtained in laboratory
and field studies on ships allow us to assert
the complete absence of destructive and neu-
tralizing properties of phosphme and phos-
phine containing preparations in water and
its soap solutions. Their use for phosphine
degassing is impractical and dangerous.
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iXHBOTO 3aCTOCYBaHHS IS nerasaiii Gocdiny.

2. 3 pO3DISIHYTUX Y CTATTi TCOPETUYHUX Ta
CKCIIEPUMEHTAIbHUX JaHUX 13 3aCTOCYBaHHSM
XJIOPY, IEPEKUCY BOJTHIO, 030HY Ta IIepMaHTaHa-
Ty KaJilo s jJerasaiii Ta 3HENIKOKCHHS
OTPYHHHUX (yMirariiHuX mpenapariB Ha OCHOBI
bochiny mu ﬂifmmn BHCHOBKY, 1[0 BOHH
MOXYTh OyTH YHIBEPCAJIBHHMH JIera3saropamu
BIZIXOLIB Tapu Ta QyMi3IHBIiB Ha CY/IHI.

3. BUKOPHCTaHHS BOJIHUX PO3YHMHIB TUIOBHX
OKHCIIIOBa4iB (XJIOPY, TIEPEKNCY BOJIHIO, 030HY Ta
TepMaHraHaTy Kallilo) Juis jierasanii BUKOpHCTa-
HOi Tapu Bix (ocdiHBMICHUX mpemnapariB Ta
(byMi3uBiB Ha OOPTY CylHA MOXKHA PEeKOMEH/TyBa-
TH JUISL 3aCTOCYBAHHS B HAIIOHAIBHIi Ta MiKHA-
POIHII MPaKTHIII MOPCHKOI (hyMirarlii BAHTaXKIB.
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2. From the theoretical and experimen-
tal data reviewed in the article on the use of
chlorine, hydrogen peroxide, ozone and
potassium permanganate for degassing and
neutralization of poisonous fumigants based
on phosphine, we came to the conclusion that
they can be universal degassers for waste
containers and fumi-sleeves on ships.

3. The use of aqueous solutions of typical
oxidizers (chlorine, hydrogen peroxide,
ozone, and potassium permanganate) for
degassing used containers from phosphine-
containing preparations and fumi-sleeves on
board the ship can be recommended for
application in national and international
practice of maritime fumigation of cargoes.
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