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Abstract

Insects and other pests in commodities need to be controlled to meet customer requirements.
Methyl bromide and Phosphine fumigants that have been widely used in the past as
disinfestation agents have well-documented environmental and other problems. These
problems have been overcome in the Netherlands through the commercialisation of controlled
atmospheres, heat, and heated controlled atmospheres. These treatments that can be
accommodated within the logistical requirements of many import products are safe, affordable,
effective, residue-free, and environmentally-friendly alternatives to MB. Developed in the
Netherlands, these treatments are now being replicated in other locations in Europe and

elsewhere to meet the requirements for decentralised disinfestation of food and non-food items.

Keywords: Stored product pest control, controlled atmospheres, heat, disinfestation, post

harvest, environmentally-friendly, methyl bromide, Phosphine

Introduction

Insects and other pests contaminate and destroy food supplies and annually cause millions of
dollars worth of damage to food, food storage and processing facilities. Pests in food in
particular are considered a health risk and must be eradicated. Pests can also enter on
packaging material such as wooden pallets leading to the accidental introduction of highly

damaging quarantine pests which can become costly to eradicate.



There are a wide variety of measures that can be taken to manage the pests. Methyl bromide
(MB) is ozone depleting and leaves residues in the treated product. Pests can also be
controlled by Phosphine but they are showing resistance to the fumigant. Phosphine requires
relatively long treatment periods and, unlike MB and heat treatments, Phosphine is not
approved by the International Plant Protection Convention (IPPC) as a treatment for wooden

packaging material.

The production of MB dropped by about 70% as from 1 January 2005 due to the
implementation of the international agreement under the Montreal Protocol to phase out about
70% of the MB in developed countries. The phase out affected uses that are not categorised as
Quarantine and Pre-shipment (QPS) and Critical Users Exemptions such as flour mill
fumigation and immediate treatment of foodstuffs when imported to control non-quarantine

pests.

Local regulations may also restrict the use of MB for postharvest use, even for QPS that is not
restricted under the Montreal Protocol. For example, the European Union limits the amount of
MB for QPS to 1,012 tonnes annually for all 25 Member States and, by agreement under the
Management Committee operating under Article 18 of Regulation (EC) No 2037/2000, can
reduce this amount in the light of the development of alternatives to MB for QPS. Therefore,
as more alternatives are developed one could expect MB to become less available for QPS in

the EU.

Some disinfestation treatments are carried out in shipping containers before export in order to
control pests during transit. The number of containers that is fumigated with toxic chemicals is
increasing (VROM 2004). These containers need to be vented on arrival in order to make them
safe before unloading. Venting of fumigated containers is likely to be more restrictive in the

future in order to minimise emissions harmful to the environment and worker safety.

Importers and exporters are under intense pressure to find safe and effective alternatives to
control insects in commodities that replace the use of MB and other toxic chemicals. This
paper describes the commercialisation of controlled atmospheres (CA), heat, and heated-CA

for the control of insect pests in a diverse range of food and non-food products.



Materials and methods; alternatives

Controlled Atmospheres

CA are based on the establishment of a low-oxygen environment which kills pests. EcO, BV is
using CA to control all stages of insects, rats and mice in food, associated products, artefacts,

silos, food (processing) facilities and barges.

The products are exposed to CA in airtight climate rooms equipped to handle variable sorts and
quantities of products. The temperature, oxygen, carbon dioxide and humidity are controlled in
each room within a specified range known to be toxic to the pest. The treatment requires 3 to
10 days, depending on the type and level of infestation, which is comparable to the time for
some Phosphine fumigations when both treatment and venting time are taken into
consideration. The treatment is fully automated and can be initiated, monitored, managed and

halted online by computer.

CA is also a highly effective treatment to control insects in artefacts of historical value as this
treatment does not affect paper, paint, leather, textile, wood, metal, plastic, ink and varnish.
The objects or products can be treated when packed. The level of humidity in particular must
be closely monitored in order to comply with local cultural heritage regulations. The climate
chambers are also suitable for the treatment of imported products or objects that might contain
pests. Approximately 6,500 m’ of artefacts and furniture were treated in 2003 in the

Netherlands by EcO, BV.

Special service terminals containing the airtight climate rooms can be found throughout the
Netherlands, Belgium and in Uganda. In addition, a fleet of mobile installations enables the
same treatment with CA to be used in specific locations such as buildings, silos, barges and
structures as both preventive and curative measures. The number of treatments in each year has

been increasing as shown in Table 1 and Figure 1.
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Table 1: The use of heated controlled atmospheres for silos and vessels in the

Netherlands

2000 2001 2002 2003 2004

Silos 2 10 11 16 24
Vessels 2 6 8 18 26

Figure 1: Commodities' treated with Controlled Atmosphere by by EcO,.
Case study: Use of CA to control Lasioderma Serricorne and Ephesia Elutella in tobacco

In close co-operation with an international tobacco company, a treatment trial was performed
using CA in the treatment facility in Ridderkerk (the Netherlands) to control the Lasioderma
Serricorne and Ephesia Elutella in 7 different types of raw tobacco, different tobacco products
and tobacco seed. Adult insects were inserted in 7 wooden tubes (total 87 adults) and wrapped
and sealed according current production of the tobacco products (cigarette packs and cigar
tubes). Adults, pupaes, larvaes and eggs were inserted in 7 containers (a 300 cubic centimeter)

inside the tobacco bales.

Treatment started on 13th of July and ended on 26th of July 2004 using CA based on
low-oxygen and raised temperatues. Results of the wooden tubes showed that adults were
100% lethal after treatment with CA. A control tube (not treated with CA), which contained 10
adults, showed 100% vital on the 26th of July. Results of the containers showed that adults,
larvaes and pupaes were 100% lethal on the 26th of July. Second analysis on the 14th of
September showed no vitality inside the treated containers. A control container showed adults,
larvaes and pupaes highly vital on the 30th of August when stored in an environment between

20 -24 °C.

Note: Treated products include: - Almond — Anise — Barley — Basmati rice — Brazil nut — Buckwheat — Cabbage seed — Cocoa beans — Cardi seed — Carob —
Cashew nuts — Cereals — Chickpeas — Chinese kidney beans — Cinnamon — Clover seed — Coffee — Coriander — Dried apple — Dried apricots — Dried beans — Dried
grapes — Dried peach — Dried pepper — Dried plums — Dried red pepper — Dried shrimps — Dried tomato — Dried white beans — Flour — food additive — Ginger —
Grain — Grass seed — Grated coconut — Ground nuts — Ground pepper — Hazelnuts — Honeysuckle — Hibiscus leaves — Indian corn — Juniper berry — Lettuce seed —
Mace — Maize — Maize groats — Marjoram — Millet — Mustard seed — Nutmeg — Nuts — Oats — Onion flakes — Onion powder — Onion seeds — Organic barley —
Papua mace morsel — Peas — Pecan nuts — Perilla seed — Pet feed — Pig feed — Pinto beans — Pistachio nuts — Pumpkin kernel — Radish seed — Raisins — Rice —
Seeds — Senna — Sesame seed — Sorghum — Soup additive — Soya beans — Soya germule — Spices — Sunflower seed — Tobacco — Thin grapes — Walnuts — White
pepper powder — White sorghum and more.
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Organoleptic analyses showed no negative influences on the different types of cigarettes and
cigars treated. Furthermore, tobacco specific N-Nitrosamines were analysed by determination
of the following N-Nitrosamines:

- N-nitrosonornicotine (NNN)

- N-nitrosoanatabine (NAT)

- N-nitrosoanabasine (NAB)

- 4-methylnitrosamino-1-(3-pyridyl)-1-butanone (NNK)

After treatment with CA, analyses showed that there were no increase on the determined

tobacco specific N-nitrosamines on tobacco types.

The treatment was monitored by using the EcO, software technology for CA treatment,

which monitors the level of oxygen and temperature as showed in figure 3.

Figure 3: graphic of the monitoring report of CA treatment of tobacco products.
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FUTURE AND CONCLUSIONS

EcO, BV foresees a strong demand for environmentally-friendly pest control treatments as the
trend continues toward even stricter regulations on the use of chemicals to control pests and
increased consumer awareness aimed at minimising pesticides in the food chain. At the same

time, importers are seeking pest control treatments that can be carried out quickly to meet just-
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in-time supply, and preferably treatments that require no prior authorisation to comply with

national legislative requirements.

To meet these requirements, EcO, BV proposes a new concept to disinfest containers,
commodities and even artefacts in a closed circuit within a treatment terminal. A Multi Purpose
Terminal (MPT) will be constructed that offers different treatments not only for export
containers to meet QPS regulations but also for venting of import containers that have been

gassed in transit with toxic chemicals.

The MPT will offer 1) QPS treatment with low-oxygen and high temperatures; 2) CA for
commodities; 3) Heat for wooden packaging materials; 4) CA for containers; 5) MB and

phosphine fumigation in conditioned areas with filters; and 6) safe degassing of containers.

CA is an effective alternative that is a safe, affordable, effective, residue-free environmentally-
friendly alternative to MB. Infrastructural investment is required in other countries similar to

that undertaken by the Netherlands in order to fully substitute MB.
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NO2M NRON2 X¥NI WX DRIV RN IPRY DD PRID HNONIVIO DYa W) — NON YN

JVWA NP PN

95 257 N NP YR TPNRYI NP2 NNN DMPY YI) — HDN IPRY NP Y

2295555 P DY IO

J1NYA NP2 NNN XX 1N NN NN ININONY VI3 — V0N IORY VX

D2TD MDY YNIAD DOWNT PN NN NAOHNN MY NNRNNDI TWUNRD

MHYND MPYON MY

TPRIPN NIXIN RIN X122 OITONDIVION NDON NPI NPT @
N2 MWIT YD e

DYDY NTI2D) NIROPN NININ - NODMDONIA NN

mMaN MNYTA DNOWN NP2 @

NN N2 DN NN DY NPV NP2 @
TPNDYTIOPR ,N0N @

DTN M1 e

MY MVIIN MIYD

DYONRINIVID DIPRNID NN TPNIR PN MTIDON NOMY e
27T MPHNA DY PO e
DD INNROY NON MPSN NP2 e

DTN M1 e
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MYN5 NN MNYH

P2 TONNA DY INNNDIY DIINNID DIDHOVI RIS NYIITD NON YNV
D90 DNHVN MND

DD ,TP,0N - DOV DNV e

DD ,N220 , TR =DM DIV e

DY 02128 MO (S.LL.T.) —DMOP2 DNV e
PP DONNn

NNNSN NAMNHN DIV NINNRD DRNNA TN DXNN NIHATHN PYONA WINWN NHN

JINRN N2DOWA NP NYIIND WINIWA 1N NMND

RIND DMHYWNA DINVY NON 3PN NI2ATN NN NPXR R ND2IN

JOR DOV TOINA DOXNND NYIDT MMNMUIR DR N7NHND DIMIYN

TIDN NNV YINYAD NI DAYV NI2TH MNAN Y DOVYI TN NN DN YDV
NP0 omvn Yy

RO POR NMIVNDIVISN NDPDN NN 9D THIROPN NIXIN MINVP POHND 11 DO 192

(N2 N0 NKA) NOPNYN

(N2>7,01NY ,N9P DI) DIXND NTIWN NIROPN NININ

(DY DO D)) ,05°Y7)) DIRNDD NMION NIROPN NININ
(DP9 MP N VIWPDY DN NIV NIROPN NININ

(DYDY ,DYNNY,DOY7R) 2572 NIROPN NININ
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17252 YONOR DI X NN N0 )N 939 OPHYId DPIN

JON PN DY NIYN D990 DIPXIND NPITONR NM2ANN

MDA DY

mxM2N TIVN

DOV, 000 ,MYI5N ;0NDOYAD MRNON MININ DINXR DI 5PN WX ,DOPIN DXRN NONRWN
DYPOIYM N2IXN NX NPYOYN ,DTRN DY INNRMAD RN DIDOY IR DM, 1NN DRI
J0N RUN2

SV TNDMIVINRD NTAYN ,DXPIN2 YN NI DY ;NN MNON2 NV DY DINVY NYHY
NPYAY NN ,NED P NIINY PI2IWND N2XNN 2Y) D ,POD DX PN DR ,MNIAN TIVN
MYTN .0 MIND 0N NMY DYYND NMONN ,DDNVOY ,MRPN ,M>N2n 5NN M2
ANTIA MY N YN P DY DNONN DMV VI NV MO2PNN N5 MWINNM
LDMYAD MRNHN MININ WX ,DPINA D20 PN ,DTRD 1D WY ,NVYNIN N2 NTHONN
MM DPNN MT2W NIONI P12 YT ND DY ,NNIIN DI PR IDON MYINNDY NHYLD
DN Y DHRYV YDNIYW NYRD PN YN DI IR0 DPIN DIDINNN DIV MNIN 19002 .NINN
19D DN DAY DOVIDA MNHD2 ,D¥PIN D NOIONR HY DN DIMP .D¥2N IPKYya
PN PHDN NN DY ,MNY NMMAINL .DPINKD N 2TYN DY DOOMON DINNNNDN ,OIW2
NP TPNN DXPIN NN XPNT N22Y NI 0 DY TIXD 2N

MO0 1D TY LIOUNRN MDIVONRD PNNN NN DIRTIVND ,NDIDD SWINY DOYTN
DYDY PRY DIV RO TPRD D2INND DIXRY MO MMNMPNY XD TNND MSNIONN
P2 W2 DY NI D91 IR DPIN DY SNNTNN DIIYY YARI .NYYAD NINSD DPON NOONA
WYY MDD MMPNRY TIND DTN ,NPO 502 DTRN NX DNN ,0NR D)7 PN DPIN
DYPN PARYN DY DTRN DY DINND DXPINY PAD PR NN NYYYNY NN PYNA ,MRDPN2
7 09V DDINN D90 MR PRID NN NN DPRIN2 Y NI NO¥OR DX DX DY

729270 PR YNV TN .NYIDN YWIRN D2 DYDY DINTN
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N TN WD NNMPOHN NYARN NMIN2

POLIVND DD DN XIN ,DNMDIYAD SXND MININ WX DN PON ,D¥PIN2 YN NN X
MIVO INNDN 2X02 YNAD NODY RO NYP MYRAIN TWRD .DDIY2 MNIND 2172 ,NDONRD
JI0Yy yax m

DYND,7252 DONDN DIPNA 0N OMND W DPIN DMDY DNAY DN DPTO NY .2

LDIRN MINYI22 NPYAD MDD MYNNNRI

,DNP)ND 212N DNHPON ,0MRINAN DXPIN DY YN DTN DTN DY MWD M1 .1
190 . M2XN X DTSN ,0MY0 MIND DN TNX XIN NI HNHD DN TR DIV

250N DPINM NN P2 YN YD ¥ D NN

NPIPR DY TIND M NPV M2 NNANND DYDY ,DONMINI YND2 NONMX DINRINA .2
YNIN NN INNON DINR DI OVNN DN )M DINNONMI PN DXNINN PN (Mites)
N DY MWYN 2290 BN 195N DOININ (WA NN OPI) JONNDN SIN NMNHURD MYNI2
NORD ,MNDYD IR TR NANND DN DY M2 NPIPR PN .DNND DN ONN
NN DT PR.DPIPR Y NN DY YN DR NI OW PIPWN NN NOIYNA DPOIYN
MWOINND .TNNBD2 NINRD DIPN DY DIMPT IR PH2 NPIPRD WY DMIIIN DY DIPN
DY Y10 WY NI YTAIY DY NYANN ,MINIMIVIRD NTAYNA ,00Y 30 O TUN D20IDN
Y INNTY MY D901 XM NONS .50 NNYOY NPXR ,DNIPNIN WX DPIN YN N0
DM ,2002 ,1982 /2N 1MM) 12N N RO ,WP2 ,PIN DNPNY NPIPRD IPINY DIVIN
NYT2 NIVHN YN PN NNMPNY DIVIRD DY DY NIRNND DIDID PR DX L1997 'am
SV D2 NOIYN NXR NNOND RO ,NPIPNRND NI T2 IYIN 12V DMIPN MY DY RN
NTN2 N2 D90 NN NYOINN NYMN DY MIVARD ,17N) DD NN MYYNA DPOIYN

N3N
NPONNA ,Acari NITOD MOMY 537 D1 N (NPTIP IR DNPNIP DYWA D) MWNT) NPIPR
D237 NN NY2INXY , D090 PO INPRY PAX 9N ,NTTON MIPONN .(Arachnida)D»I20VN
P2 N NITO D DDYN L(WIN MI1AR) DN I NN NNYY JpNH DO YR DIPN2

NN NXI2PN .OOTN NN 1 D TY TIRD DX DIHN 2370090 1ONN INY TP DXAOX MNND
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DT D P . Mites Y90IRN MM IR NPTV IR DINNIN NPIPR DMIAYN MNWL DN
Tickes NMOXINR NN DONRINI OM N”D HW 57N DOYIN ,% NITO2 7252
DON DN PON .DIMNN OND D30 2INDM MIVWAR JHOP2 HD2 MNN(Mites) NPIPNRN
DOINRDY DNNYN Y290 DN DT DD .DNNX DN DY NN DI PYUMN 19N
0N2Y YONINND P2 PO, NN DY MXINI NPIPR . DIPIIP NOD NN N”Yad DYH5VIN
(1969—1965) XNNT YT DY JOMNRD NI MND2 MW ,NPIPR DY N DM 20 =D .09
AN Y T DY TIYIY JONIRD P2 NPIPR NMINDND P02 (1964,1969) NITOPN) SNRNNT
2001)2M Y12),(1980)
M2 NYIDN DN (70% DY) DN DN MNDN MNIN DNAY NPNONN MNIN2
DY MIPNY NPDIDINRD NNONND NPIPRN 20 DNOY ,NNNA) \» A /
Acarus siro DIPN TPIPXR NN T2 DY DOIPYD ,NND RN R
DONIN2 NNONND N DOV MINMD N 190N NNIN ' -
5p NMa) MV 25°C SW SNV MNY 90% SV DV b
100 2 ,0°D75 250,000 DY DTN NOYA MDD ,DININ o
VN P"NO
DXTONY MNNAND NPIPRN DY NPDPOIRND PR D"I72 XN IN2 DNV DOPRN MNXIN2
NT72Y02 DXVYIN ,NDIND PN MM MPPT22 D502 DX MY XN HIYON PN LD
D902 55D 7772 ,MT DINOYY D7 NPIPR NN ,NMINMAN TIVD DY DINIDIMIVINRD

DUMR NOTIN PWIN NMIRININRA P IIWAXR 195N DIVISN NNRTRD DM

DX 72 D) NPND DIDVY M0 DXNNONNN  YONN PN DY DDV DNY DIPNIPN 1N
NIIYNN NYNNN NXR YWINNY ,NORD NIPN MY DY MPT .MN PNN DY Y2 DORIN
N9 12N INPYY ,DIN DY YN N ,NIVWHIN DY PN YOND T2 NNMIWIRN
200 ,MN DIIND DY NNDNT D2APY MINRMAN TIVN DY IMNHN MY IR .N9IN MY NPON
IDOY IYINI .NPYTAD DININN YIN NPON ,NINIMIVIRD NTAYHNN NTLY DY T NNYT NINA
NONKD NN DY NOYTH NN PDIDOIND LYY R¥NDI DN .DXOIDN G0N PO MIVIKN
, NPYIRN NNOWNN ,NNINI YONND NN . Callosobruchus chinensis) N30 TPYR PHONND
OV NIR MDY DY NRNNI NINPDINIVD NPT .NPIVP NS NOSVIN (Brucidae)

PYE NXIN RN YPNION Pyemotes sp. )PSIPN ND DNRY TPOPOITN NPT DIV
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Pyemotes sp. | Drom Last dtami & Chalmerd)

27°C 5V '900) MND 80% SV DYYDIVNN DONRINL ,MN IPNINN DY MNNONNN NN
IURDY NONRD DININA .T2D2 DYDY 6= NIYD NNXR NOVN P2 YA P19 7252 DD 5 Twny,
DYTOMIO PDPORN NNANN APIIPN DY PMHN NP DNY JONHD PN YN PN
JONIRHDN PN 12D .WIHND MIN T2IY DY DODOY IR P .TIRD NP YR PI192,D000WN0
DX D) ,DP3ID SY MDY NNONN XY ,D019) NVINNYY MNY DY ,DOMXIY DNIN2

DR DR D00 NIPR NI NN JONN PN DY MY NP
TIND DYV L(NTAYD NPNO TYPHON M) NPNB2 NTAYN $D2DY DORNY NTAYHN T2

NPYT2 0T TIRND NYP NNION2A 200 ,(Stegobium paniceum) DNON 121 PONND NPWIN2
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NYMNN TNN RO DY DIPNIN OV POIVOIND DY TIND DYV NIPN NINANY NNOYN
DN NN NTHYN DY NOON

) 9D D) WIT .DDIY2 MOHSD2 MIIXIN NI YT MNPYL DIPIVNN DOVPXIP DY MYNn
N9 SY NPITOR MANND DYND MDY ,NONNIN SPIND WP XY NN NMNHDN NPIPR
STIRD YNNI PO DY YINA I DWW NI YT 97 0TI (NNVONR) NDOYY MdYp NYya
22100 DYy PIWAR DM DD0 DR DD DY NPONODN IMYNIA NMYR MINOR NANN
I ,Glycyphagus domesticus DXNAN NPIPNR XN, NMPIPRN P2 MNDWN INNINMIN
.DONAN PAN2 NN RINWD NINORN NANNN

NPDIDIM YNNI P, T2IY OW NPITOR MANN DY ,DOMPT D) MON %D PIND ONRTD
s ,(Plodia interpunctella) TN NHXPN WY MIDNN SN SY MM

PN DY DN DN (Dermestidae) NPNYN NNAYNYD NN
| TTN ONRNIYION MYANN MDY YN NN YINOY T P2 ,Y0N
DN ,IIIORN NANND DINNY NNINN DI IR NANNN NPOHD

DY DIMPT PR MDY NI TY RN INXR DN XD N2V DPINN

N2 HOON DMPHN

in)lv)

NXIN DD IMMND .DTRN DY IMNI2D NN NPR ,OIT PN WX DPIN2 DY P DY NDIDNR
JPNOOM IPNT NPNAD OXRTI2Y NPRINAN NMVNDXRN NPNANN ,NIIND DD

.DMYNN MONNY DMINN DN DXPTNL M DIMD DIDYY DIHNDN DXPIN

DN NOOND DIOMIND DX TWRD 97,09 710N WX NN YINND DIDDY D007 N0 Y12y
MIPN HANR NMIOD2 MY NYNNN TN DY IR NPIPRA X JONND PN TRD DIYIN
SV NPNOIMIVIN MP>T2 DY DOIYN DOWVOY Twna NNIRINY DOIPNN MY VI .DOD NNYOY
PO YTY HY DIMIDID YN DION RY ,MNIAN TIVN DY INIDMIVINRD NTAYN NN
IV

NN NP YIS P2 ,YIIN PN DY NOOINN ,T252 NHIOXR NANN2 D210 3D NRXD W
937 D179 X ,DOPIN2 YNNI NN MXID PR ,NIND XN MOX MNMY 2MD SV MyT 105

,DM02NN IRY DN DIDH XIN YN NIIY 1I,NXRE MO .DTRN DY IMNRMIAD PN 0NN
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NYIN MO SV MM IPNN2 PYNIND .MNMTN MOOWA 552 MYMIN IR YD v

.N2°20M) DTRD N NPT INY MDY ,MNTPNN NI2TM

NS0

NOR2 DIDMIND DN NPIPRY JOND S0 MRS W0 (1969-1965) .Y INNNT
TV LDDIND NNND NRONHNN MDY NRIAN DIDWNRA PNND DTPON NN TPNN NIMT
JINRSPNN

L TRNN MT.ONXIY JONIND NI NPIPR NN PO .(1980) W 112 R NN .Y IPH
NPON D0 .(181 DIDID) NI NXIAN DIDMNRD 'NNN .1979/1980

. 113-125 )7 M2

NOITN DM (MMHY NNTIN) NN HOPRHD DPIN (2001) . ORYT L, ORINT W )
JNY 91, MINIAN TIVN,NIN

PYN .DMNHT DIR NPITOR MYNND MNINMN WP NPIPR (1984) > DM LR TN ,.W 1N
.1984 12IVPIN .65—68 :192 NI2IN,25NN PN
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