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PREFACE

Within the framework of the Baltic Marine Environment Protection
Commission - Helsinki Commission - a study on the transportation of
packaged dangerous goods in the Baltic Sea Area and related
environmental hazards has been carried out in accordance with a decision
by the Helsinki Commission. Finland has acted as Lead Country in
compiling and analyzing the information provided by the Contracting
Parties and Mr. Biirje Stenstrijm  from AF-Industriteknik  AB, Sweden, has
acted as consultant in the execution of the work.

The contents of this publication has been considered by the d hoc
Working Group on Combatting Spillages of Harmful Substances Other
than Oil (CC CHEM) of the Helsinki Commission under the chairmanship
of Mr. Olli Pahkala, Ministry of the Environment, Finland.

The final editing of this publication has been made by the consultant.
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STUDY OF THE TRANSPORTATION OF
PACKAGED DANGEROUS GOODS BY SEA

IN THE BALTIC SEA AREA
AND RELATED ENVIRONMETAL HAZARDS

Abstract

A study has been performed under the auspices of the Combatting Committee of the
transportation of packaged dangerous goods in the Baltic Sea area. The study is based on
information collected from all ports in the area of loading and unloading of packaged
dangerous goods during October and November 1990. Although this limited time period
may be too short for producing statistically reliable data, the large amount of
information thus collected gives very useful information about the transportation of
packaged dangerous goods, previously not available.

The total transportation activity has been found to be about 143000 tons of packaged
dangerous goods per month, divided in about 11400 parcels carried in about 4000
shipments, The average size. of a parcel of packaged dangerous goods is thus about 12 tons
but very large variations exist, from a large number of very small parcels of consumer
goods shipped on ferry routes to a limited number of very large shipments of industrial
base materials in conventional cargo vessels. Table 1 gives an overview of how the goods
is divided between the main IMDG classes by quantity and number of parcels.

The total transportation activity corresponds to about 25000 shiphours at sea per month
or about, as an average, 35 ships carrying dangerous goods being at sea at any one time.
The Baltic Sea area has been divided in 13 sea areas in which the shipping activities have
been allocated in accordance with reported origin and destination for each parcel. The
activities have been summarized  per IMDG class. The total shipping pattern is illustrated
in Figure 0.1. showing per sea area the quantity and number of parcels shipped per month.
As may be expected, the highest shipping intensity is found in the south-west part of the
Baltic Sea area and a medium high intensity is found in the rest of the south Baltic Sea,
the Danish waters, the Kattegatt, along the Swedish east coast and in the Gulf of Finland.

A total of 795 different substances have been reported as being carried. About half of these
are, however, only carried once or twice per month. About 100 substances are carried more
than 20 times per month. These 100 substances account for about 75 per cent by number of
all parcels being shipped. 25 of these substances by UN numbers are classified as “marine
pollutants” or conditional “marine pollutants”. As some of these are carried frequently,
the marine pollutants and the conditional marine pollutants account together for about
50 per cent by number of all shipments.

A total of about 130 shipping routes for packaged dangerous goods within the Baltic Sea
area have been identified in the reporting. 80 of these carry more than 100 tons each per
month. 34 of the routes are regular ferry lines, some general passenger/car/railroad ferry
lines and some more pronounced cargo ferry lines. The ferry routes account for about
76000 tons per month or slightly above 50 per cent by weight of all packaged dangerous
goods carried. The ferries carry about 75 per cent of all dangerous goods shipments by
number of parcels.

Certain substances are carried in large quantities. This includes some bulk materials,
essentially fertflizers. Paints and laquers account for the largest number of parcels per
month and also for the second largest quantity, following the fertilizer type of substances.
Some of the substances, 17 in total, have been identifies as being highly hazardous due to
their physical properties.
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The study identifies the risk for accidents with vessels carrying packaged dangerous
goods i various parts of the Baltic Sea area. The total risk for a serious accident to a ship
carrying dangerous goods is estimated to be one per year. Damage to dangerous cargo
carried onboard as a result of accidents or incidents involving lost or damaged containers
or other packagings is estimated to about 6 times per year, in most cases resulting in the
cargo being released into the sea.

Table 1
TOTAL QUANTfTY  AND NUMBER OF PARCELS PER CLASS
Approximate values for one month
Class Class Quantity, Number Average size

properties tons of parcels of parcel, tons
1 Explosives 2700 370 773
2 Gases 10900 1100 999
3 lnflamable liquids 32450 4700 6.9
4 lnflamable solids 18500 540 34,3
5 Oxidizing substances 25000 510 49,0
6 Poisonous substances 12800 1100 11,6
7 Radioactive materials 1300 30 43,3
8 Corrosives 29600 2400 12,3
9 Others 9500 640 14,s

Total 142750 11390 12,5
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STUDY OF THE TRANSPORTATION OF
PACKAGED DANGEROUS GOODS BY SEA IN THE BALTIC SEA AREA

AND RELATED ENVIRONMENTAL HAZARDS

1 .  Backr-rround.

The study presented in this report has been conducted in order to identify the
transportation pattern for packaged dangerous goods in the Baltic Sea area, including
various pertinent transportation parameters and to illustrate the related risk for
accidents and environmental hazards.

This study has been performed under the auspices of the Combatting Committee of the
Helsinki Commission in close cooperation between all the Baltic Sea States and forms a
part of a joint work in the development of necessary response capacities to deal with
potential incidents and spills of packaged dangerous goods in the Baltic Sea area.

A collection of information about loading and unloading of packaged dangerous goods
was made by the Baltic Sea States covering all ports in the area during the period of
October and November 1990. It should be realized that a two months sampling of the
transportation activities may be inadequate for obtaining a statistically corrects
information about the transportation pattern but due to the large amount of detailed
information involved and the large work load in collecting this information it was
determined that a two months sampling period should suffice. A more extensive reporting
and analysis may be instituted at a later opportunity when computerized information
handling in ports has become more generally adopted.

The results from the current work should be taken as indicative for the transportation
pattern of packaged dangerous goods and is believed to contain valuable information, not
hitherto available. This includes information about quantities and number of shipments
of substances of various classes transported in different parts of the Baltic Sea area,
information about typical and frequent substances and identification of those presenting
higher hazards, range of sizes of individual shipments, common types of containment of
packages and types of ships engaged in the transportation.

Packaged dangerous goods is carried in a large variety of shipments, from small parcels of
consumers goods to shipments in large quantities, being comparable to bulk shipments.
The properties of the substances vary considerably and includes solid substances as well
as liquids and compressed or liquified gases. The necessary containment varies likewise
greatly in accordance with the properties of the substances and the relevant protection
requirement.

The transportation of certain packaged dangerous goods, identified as “harmful
substances” from the marine pollution point of view, is regulated by Annex III of MARPOL
73/78. Handling of dangerous goods from the safefy point of view is regulated by the
International Maritime Dangerous Goods Code (the IMDG Code) and related supplements,
now having been made mandatory by connection to the SOLAS Convention. The IMDG
Code gives, for each substance, advice on terminology, packaging, labelling, stowage,
segregation, handling and emergency response actions. This also includes Emergency
Procedures (Ems1 and the Medical First Aid Guide (MFAG). Substances in the IMDG Code,
which come under the regulations of Annex III of MARPOL as “harmful substances”, are
identified in the Code as “marine pollutants” or “severe marine pollutants”.

All substances being known to be traded or handled universally have been given a UN
identification number. This UN number is used generally to identify a substance in order
to avoid ambiguities and uncertanties  in the proper identification of a substance.

In the IMDG Code substances have been grouped in nine classes based on their hazardous
properties. Some of the classes are additionally divided in subclasses. A given substance
may have such properties that it belongs to more than one class. The system contains the
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following main classes:
1. Explosives
2. Gases
3. Inflamable liquids
4. Inflamable solids
5. Oxidizing  substances
6. Poisonous substances
7. Radioactive materials
8. Corrosives
9. Miscellaneous dangerous substances.

2. Treatment of Data.

Each reported shipment of packaged dangerous goods, identified by date, port of origin
and destination, UN number, class and quantity has been fed into a database. Additional
information about ship type, type of package and stowage has been included where
available. Only shipment in larger quantities than 100 kilograms have been taken into
account in the study. To enable identification of any duplication of data from two ports,
related to the same shipment, all shipments have initially been added up and screened for
duplications on each identified route between two ports or one port and the relevant
inlet/outlet from the Baltic Sea.

The reported information generally reflects a workable information handling system in
the ports but information about incoming cargo sometimes seem to be less complete than
that about outbound cargo.

Some inconsistencies in the reporting have been observed  in as much as the two reports
related to each end of a given shipment sometimes deviate. Reasons for variations in the
reports from the two ends of a transportation leg may be mix-up of information about the
destination of the vessel and the destination of the particular parcel of cargo. When the
information from two ports related to the same shipment have been compared, the most
likely estimate of the actual shipping activity has been made and used in the further
analysis work.

A further source of deviations lies in the identification of weight. The majority of the
weight information is related to gross weight of the parcel, including its containment. In
some cases this involves large errors such as when a container or railroad car is included
in the weight information. This uncertainty has in particular been large on the railroad
ferry routes. Such information has been adjusted based on judgement and best
information available.

The prime identification of shipments has been by IMDG main class number. It has not
been practicable to use the IMDG sub-classes as the basis for analysis due to inconsistent
reporting in this regard. It has also been observed that shipments under IMDG class 9
have not always been delt with as dangerous goods, in particular not in railroad
transportation, and some information regarding this class may therefore be missing.

Information for each transportation route, adjusted as far as possible for duplications
and any deviation of the length of the reporting period and added up on a class basis has
been allocated to relevant sea areas as described in section 3 below and used as basis for
the analysis of the transportation activity in the sea areas. Shipments have been
identified to their sailing routes without regard to the direction of the movement of the
cargo. i.e. no differentiation has been made between inbound and outbound shipments
following an identified route.

Available information about the type of containments  and packagings used has been of
varying standard. The information from some ports has, however, been detailed enough
to give a general picture of the frequency of various types of packaging used. The type of
ships engaged in the transportation have been identified in general categories. It has.
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however, not been possible to analyse in any
stowed onboard  the vessels.

detail how the dangerous cargo has been

Although complete information has not been available on all shipments and no means
have been available for checking to which extent reporting has been missing, the large
volume of usable data supports a picture of the transportation pattern that may be
regarded as highly representative.

Some UN-numbers apply to a group of products, e.g. paints. Such group UN numbers may
include substances which are marine pollutants as well some which are not. The “P”
symbol used in various tables to indicate marine pollutants has been placed in
parenthesis in case of substances which are not in all cases marine pollutants.

3. General Transportation Pattern.

The total quantity of packaged dangerous goods handled in Baltic Sea area ports per
month is, from the data collection available, about 143,000 tons. The number of
individual parcels is about 11,400. This does not include the large number of shipments of
consumer goods in parcels of less than 100 kilogram  size. The total number of ship
voyages on which these shipments have been carried is about 4000 per month. This
indicates that the average size of a shipped parcel is around 12 tons and the average
quantity of dangerous packaged goods onboard  a vessel is around 36 tons, comprising 3
different parcels. Very large variations in this pattern do, however, exist as is illustrated
in section 4 below.

The transportation pattern includes shipments of varying lengths, from a very large
number of short distance shipments on the ferry routes in the south-west part of the Baltic
Sea to shipments with a length of about 48 hours from the North Sea inlets to the Baltic
Sea area to the ports in southern Finland and eastern Sweden. The duration of shipments
has been estimated on an area by area basis and been found to be about 25000 shiphours
per month, corresponding to about 35 ships in continuous operation at sea with packaged
dangerous goods onboard.

The distribution of the total quantity and number of shipments on a one month basis,
divided in the nine IMDG classes, is illustrated by Table 1. As can be seen, inflamable
substances in class 3 make up the largest single class of substances, followed by corrosive
substances in class 8 and oxidizing substances in class 5. The average size of parcels varies
and is larger in case of classes 4 and 5. The average size is also large in case of class 7.
radioactive substances, probably due to the weight information including a considerable
containment weight. Class 3 also contributes with the largest number of shipments. A
clear difference may be seen between classes containing a large portion of “consumer
goods” in a distribution network, essentially classes 1 and 3, and classes containing
essentially industrial base materials such as classes 4. 5 and 8.

Table 1
TOTAL QUANTITY AND NUMBER OF PARCELS PER CLASS
Approximate values for one month
Class Class Quantity, Number Average size

properties tons of parcels of parcel, tons
1 Explosives 2700 370 713
2 Gases 10900 1100 979
3 lnflamable liquids 32450 4700 699
4 lnflamable solids 18500 540 34,3
5 Oxidizing substances 25000 510 49,0
6 Poisonous substances 12800 1100 11,6
7 Radioactive materials 1300 30 43,3
8 Corrosives 29600 2400 12,3
9 Others 9500 640 14,a

Total 142750. 11390. 12,5.
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A total of about 130 shipment routes between named origins and destinations have been
identified. This includes 45 routes “terminating” , for the purpose of this overview, in the
the inlets/outlets of the Baltic Sea area. About 35 of the routes inside the Baltic Sea area
are regular ferry routes.

The Baltic Sea area has been divided in 13 sea areas as shown in Figure 1. Each port to port
shipping route has been assigned to the most likely sailing route, traversing one or several
of the sea areas. Some uncertainty exist in the allocation of sailing routes between the
southern Baltic and the Gulf of Finland to sea areas as these passages may take place east
or west of the island of Gotland  depending on weather and other circumstances. Generally
it has been assumed in this case that traffic moving along the Swedish south coast will
continue along the western side of the Baltic Sea whereas shipments entering the Baltic
Sea via the Kiel canal or starting from ports along the south coast of the Baltic Sea and
being bound for the Gulf of Finland ports will proceed along the eastern part of the Baltic
Sea.

Approximate monthly quantities and numbers of parcels per sea area and class are shown
in Table 2. The largest total shipping activity, both by quantity and number of parcels, is
found in sea area number 5, the Kiel Canal approach and surrounding waters. The
shipping density is also relatively high in the rest of the south Baltic, gradually reducing
further north to low values. The intensities along the Swedish west coast, Danish waters
and ijresund are all of medium level. The transportation activity is generally low in the
Gulf of Bothnia. Shipments from ports along the south and south-east coast of the Baltic
Sea deviate from the general pattern as the average quantities are larger. This includes
shipments in sacks and drums of large quantities of base substances which may be
comparable to bulk shipments.

Table 2
TRANSPORTATIONOFPACKAGEDDANGEROUSGOODSPERCLASSANDSEAAREA
Approximate values for one month, tons and number of parcels
Class Class Sea areas

properties 1 2 3 4 5 6 7 8 9 10 11 12 13
Skage-  Kai!e-  D a n i s h  C)re-  Kieler S w e d i s h  B a l t i c  B a l t i c  B a l t i c  Aland  G u l l  o f  G u l l  01 G u l l  01

rack gatt w a t e r s sund B i g h t  s o u t h  s o u t h w e s t eas t sea Finland Bothnia Bothnta

1 Explosives quantity 1220 1380 530 520 850 670 300 380 50 200 120 1 0
number 70 120 70 90 180 120 20 70 10 40 4 0 1 0

2 Gases quantity 490 1490 4420 1040 2900 3810 2950 880 1 570 260 0 0
number 100 170 380 220 350 310 110 220 2 40 130 0 0

3 lnflamable quantity 3590 5340 7150 7180 13400 9730 3480 5560 960 3200 4770 270 100
liquids number I 540 810 1160 960 2110 1520 160 1170 30 450 980 30 5

4)lnflamable Iquantity] 2180 2650 1410 1060 11000 3090 12400 780 1900 420 770 20 0
solids number 100 150 70 80 220 200 120 80 25 40 60 2 0

5 Oxidizing quantity 3870 6010 1340 3040 14470 6770 11240 7180 3860 2580 3560 1100 10
substances number 80 150 60 120 280 250 70 150 30 70 120 10 1

6 Poisonous quan:lty 1900 2660 1720 2830 7930 3270 2260 2730 1670 1 1 1 0 2 9 5 0 340 10
substances number 140 230 220 210 670 420 50 320 20 100 290 20 5

7 Radioactive quantity 840 1000 5 290 20 230 1 320 1 350 30 0 0
materials number 150 10 5 5 5 1 1 5 1 5 1 0 0

8 Corrosives quantrty 4150 5690 7710 4800 11030 6290 7270 3420 2150 2800 3950 250 190
number 410 570 580 400 920 680 110 500 25 330 370 20 20

9 Others quanttty 570 4690 4170 860 6770 1880 4500 1710 4500 1560 5290 110 200
number 90 130 50 140 320 230 15 200 10 150 160 5 10

Tolal quantity 18800 30900 28500 21600 68300 35700 44400 23000 15100 12800 21500 2100 500
number 1600 2300 2600 2200 5000 3700 650 2700 150 1200 2200 100 50
ave. tons 11,7 13.4 11.0 9.8 13.7 9.6 68.3 8.5 100.7 10.7 9,8 21.0 10.0
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The size of individual shipments varies considerably, from bulk shipments of several
thousand tons to a large number of small size shipments on the ferry routes. The size
distribution of individual parcels is illustrated in Ficlure 2. showing the size dlslribulion
of parcels to/from four selected ports. Dcspitc  tllc lype of shipping activities varies front
ferries to liner service and random shipments,  the average size and size ctistribution  does
not vary very much. The average spectrum includes shipments in the range up to about 100
tons and with an average size between 10 and 20 tons, Shipments in the largest quantities
are not included in this illustration. Shipments of less than 100 kilograms, which are
very frequent on the ferry lines, are also excluded from this illustralion and calculation
of average sizes.
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4. Detailed ShiDDiXX  Pattern

The approximate quantities and number of parcels per sea area for a one month period is
shown in the charts in Figures 3.1 to 3.10, one for the total shipping activity and one for
each IMDG class. Major sailing routes are also indicated in the charts in a schematic way.
The shadow pattern in the charts illustrates the approximate shipping density with
packaged dangerous goods in each sea area. The concentration of the shipping activities
towards the south-west part of the area is evident except for IMGD classes 1 and 7.

The most important substances carried in each sea area are listed in Table 3. The table
lists for each sea area the six individual substances which have been found to be carried
in the largest quantities. The table also indicates the relative magnitude of these
shipments, expressed as the percentage fraction of the total transportation of packaged
dangerous goods in the area, represented by each one of these large quantity substances.

The total number of different substances which have been reported as being shipped
during the period is 795. Only 350 of these are, however, shipped more than once or twice
per month and may be considered as being shipped regularily. They represent together
more than 90% of the total number of parcels being shipped. Table 4 shows a listing of
these 350 substances by UN number and IMDG class.

About 100 of the substances are reported as shipped in 20 parcels or more per month. This
group of substances, accounting for about 75 % by number of all parcels being shipped, are
listed in Table 5. The table identifies these shipments by UN-number, class,
nomenclature, shipping frequency and identification of marine pollutant characteristics.
The parcels of substances, which are classified as marine pollutants or potential marine
pollutants, account for almost 50% by number of all the parcels being shipped regularly.

About 80 of the 130 shipping routes, which have been defined as carrying packaged
dangerous goods, carry more than 100 tons per month. These routes are identified in Table
5. indicating for each route the approximate quantity and number of parcels per month
and predominant IMDG classes which are being shipped on the route.

Substances carried in large quantities are listed in Table 7. As shown by the table bulk
substances such as ammonium nitrate and calcium carbide represent the largest
quantities, although carried in a relatively small number of shipments. Substances in
class 3, greatly consisting of consumer goods, represent the second largest category by
quantity and account for the largest number of parcels. The table also indicates the sea
areas, in which the shipments predominantly take place.

Typical individual large shipments are listed in Table 8, arranged in class order. Again, it
is shown that some substances in classes 4. 5 and 8 are those carried in the largest
individual parcels. Generally these large individual parcels make up the large quantities
reported for some substancs  in Table 7.

5. Fen-v Routes.

34 of the identified shipping routes have been considered as regular ferry routes, served by
dedicated passenger/car/freight ferries making regular and frequent passages. Liner
services which make regular calls in identified ports have not been regarded as ferries but
the dividing line between the two categories may in some cases be vague. Table 9 includes
a summary of these ferry lines, including the approximate quantity och dangerous good
carried per month and the number of parcels. The table also lists the calculated average
quantity of dangerous goods per voyage and the average number of such parcels per
voyage. This information is based on the estimated total number of ferry voyages,
including those carrying no dangerous goods. The quantity shipped on each passage varies
however considerably, partly in a controlled manner due to restrictions to carry
dangerous goods on passenger ferries. Some of the ferry lines are pronounced cargo ferries
or railroad ferries and carry the bulk of the shipments.



8

Figures inclicale  approximate
.shipments  per month,
Ckwntitv (tons)
Number (of parcels)

TRANSPORTATION PATTERN FOR
PACJSAGEDDANGEROUSGOODS

IN THE BALTIC SEA AREA

JMDG  CLASSES l-9
(TOTAL)

FIGURE 3.1



Buantil
Numbe

3 432561V

nrs per month.
tv ftons)
r (of parcels)

TRANSPORTATION PATTERN FOR
PACKAGED DANGEROUS GOODS

IN THE BALTIC SEA AREA

IMDG CLASS  1
(EXPLOSIVES)

I FIGURJ3 3.2
I_ !



10

,r’--
\’ 2900

.\350 / TRANSPORTATION PATTERN FOR

Figures indicate approximate
PACKAGED DANGEROUS GOODS

shipments oer month.
IN THE BALTIC SEA AREA

Quintitv  It&s)
Number (of parcels]



11

Figures indicate aDnro.ximale
shipments per mont’h.
Quantitv  ftonsl
Number (of parcels)

ORTATION PATTERN FOR 1
r~~nnr;ED  DANGEROUS GOODS

I IN THE  aALTIC  SEA AREA
)
I


















































