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ABSTRACT
This study examined the supply chain of kelp thallus medicinal herbal substance for the pharmaceutical industry of the Russian
Federation (from Arkhangelsk and Sakhalin), as well as the territory of China. Based on the systemic research method and the
information and analytical method, various block diagrams of supply chains of kelp thallus herbal substances were developed and
proposed for industrial use, considering the relevant risks. The authors have considered the existing routes for the delivery of raw
materials through both the territory of Russia and China and analyzed delivery by various types of transport. Based on the data obtained,
it was revealed that various types of transport such as rail, road, sea, and air transports can be used to deliver raw materials. The authors
analyzed the shares of different types of transport in cargo transportation from China to the Russian Federation. The optimal way to
deliver sugar kelp to the production plants located in Arkhangelsk, Moscow is rail transportation. Considering the unloading of the
train and delivery to the manufacturer's warehouse, delivery takes no more than a day. In the case of delivery from Sakhalin, the goods
have to be transported by expensive air transport. Although the delivery of kelp thallus raw materials from China takes relatively longer
in the case of using air transport or is more expensive in the case of rail transport, in less than a year, kelp raw materials with a total
value of $16.7 million were imported from China. In 2018, the share of China's imports amounted to 57.7%, and the growth in the
value of exports amounted to 27%.
Keywords: supply chain, medicinal herbal substance, sugar kelp, Laminaria saccharina (L.), Japanese sea tangle, Laminaria japonica
Aresch.

Introduction
Diseases caused by iodine deficiency are a serious problem in
many countries of the world [1, 2]. According to UNICEF, iodine
deficiency diseases (IDDs) are the most common noncommunicable diseases [3]. 80% of the territory of the Russian
Federation is located in the iodine deficiency zone [4]. Timely
correction of iodine deficiency with the help of pharmaceutical
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products (PPs) or dietary supplements (DSs) containing iodine
or food enriched with iodine [5-8] can reduce the incidence of
thyroid diseases and congenital malformations, as well as reduce
the lag of children in physical and mental development [9-11].
The effectiveness of preventive measures is largely determined
by their availability. The use of kelp is one of the most affordable
ways to reduce the incidence of IDDs. The concentration of
iodine [9, 12] in kelp varies depending on its type and collection
period and is in the range of 50-700 μg of iodine/100 g [13]. Kelp
thallus also contains vitamins (B1, B2, B12, A, C, D, E,
carotenoids), polysaccharides (laminarin, mannitol, fructose) [1419], salts of potassium, sodium, magnesium, bromine, cobalt,
iron, manganese, sulfur, and phosphorus compounds [20, 21]. Kelp
raw material has a laxative effect [22-24], due to the ability to swell
and increase in volume, it irritates receptors in the intestinal
mucosa.
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The segment of PPs for the prevention of IDDs includes
monopreparations containing potassium iodide (Iodomarin,
Iodbalans 100) and multivitamin complexes with an iodinecontaining component (Vitrum, Multi-tabs). As an additional
source of iodine, it is recommended to take DSs with food (such
as Iod-active, Laminaria). Kelp thallus is also produced in the
form of crushed herbal substance (Krasnogorskleksredstva JSC,
Firma Zdorovye LLC, Fitofarm LLC) [25]. Both Firma Zdorovye
LLC and Fitofarm LLC buy raw materials harvested in Russia,
while Krasnogorskleksredstva JSC imports raw materials from
China.
For the prevention of IDDs, specialized food products produced
using kelp are recommended [26-28].
Kelp is also used in the cosmetics industry [29, 30], kelp thalli are
found in cosmetic wraps, kelp powder is used to prepare
wrapping masks, infusion for baths or compresses, and kelp
liquid extract is added to phyto barrels or used in scrubs.
According to the Federal State Statistics Service, from 2010 to
2016, about 3.5 thousand tons of kelp per year were harvested
in Russia on average.
The main suppliers of kelp to Russia are China and Korea. In
2018, the share of China's imports amounted to 57.7%, while
the Korean share equaled 37.2%, according to the Exporters of
Russia unified information portal. At the same time, the growth
in the value of export supplies from these countries amounted to
27% and 31%, respectively. In the first ten months of 2018,
Russia imported $16.7 million worth of kelp, which was 30%
more than the volume of imports of this product for the full 2017
($12.8 million).
The relevance of this study is related to the quarantine measures
for the COVID-19. Many logistic systems have been interrupted
or undergone significant changes due to the epidemiological
requirements of both supplier countries and consumer countries.
China remains one of the main suppliers of herbal substances
(MHS) for the pharmaceutical industry. However, in the light of
new epidemiological requirements and restrictions in the world,
due to the pandemic, we are forced to develop other logistics
supply chains.

Methods
Based on the information and analytical, as well as systemic
methods, we developed and proposed a supply chain for the
delivery of kelp thallus MHS for the pharmaceutical industry of
the Russian Federation. The information and analytical methods
are based on the selection of information, including the
processing of the information received, the establishment of the
relationship between facts, the identification of the meaning of
these relationships, and the development of specific proposals
based on reliable and complete, analytically processed
information. The systemic method is based on the consideration
of an integral object in the totality of relations and connections
between many of its elements. In determining the risks, we used
the Five Whys method. In the course of this analysis, to
determine the cause of the failure (risk), we repeatedly asked the

same question — Why? Typically, the question is asked five
times; however, there can be more or fewer repetitions. In
general, the question is asked until the answer remains
unchanged or is out of one's span of control. The Five Whys
analysis makes it easier to identify the true causes of risks or
failures.

Results and Discussion
1) In China, both wild and cultivated Japanese sea tangles are
harvested along the east coast of Liaoning province in the north
to Fujian province in the south.
Cargo transportation from China to Russia is carried out by
various types of transport [31-33]: road, rail, sea, and air transports
(Fig. 1).
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Figure 1: The share of different types of transport in cargo
transportation from China to the Russian Federation [34]
Cargo transportation by air is the fastest delivery method taking
4 to 5 days, considering export clearance in Beijing, flight time,
and customs clearance in Moscow [35]. The cost of a kg of MHS
with this delivery method varies from $3.2 to 3.5.
Cargo transportation from China to Moscow by road will take
from 10 to 14 days. However, this method is only in demand
when transporting goods from China to the cities that are close
to the border or do not have a railway connection. Delivery by
road to Moscow is economically unprofitable, primarily due to
the considerable distance between cities and underdeveloped
roads.
The most demanded way of import is railroad transportation.
The most popular routes are transportation via the Eurasian Land
Bridge [36, 37] and along the Sino-Eastern Railway.
Transportation through the Eurasian Land Bridge is transit and
passes through the territory of Kazakhstan (the Alashankou —
Dostyk border crossing), after which the route goes along one of
two possible trunk connections (Turksib, Astana —
Petropavlovsk meridian line), and the other two (Tashkent
railway, communication through Atyrau and the Astrakhan
region) go directly to the European part of Russia. Delivery time
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to Moscow takes no more than 23 days, including delivery to the
customs terminal of Kazakhstan (up to 14 days) and subsequent
delivery to Moscow (no more than 8 days) [38]. The delivery of a
kg of cargo will cost an average of $2-2.5.
When transported by the Chinese-Eastern Railway, the cargo
enters the north of China, from where it follows the Chinese-

road transport

Eastern Railway and passes through the Manchuria-Zabaikalsk
border crossing. Further on Russian territory, the cargo goes
along the Trans-Siberian Railway to Moscow.
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Figure 2: Logistic supply chain of kelp thallus MHS from China
The cost of transportation of a kg of raw materials by rail is $ 22.5; the duration of transportation is 28 to 35 days.
Delivery by sea transport is no less in demand [39] (ports of
Shanghai, Nimbo, etc.). The main ports of destination for the
cargo transportation in the Russian Federation are the Far Eastern
ports (Vostochny port, Vladivostok, Nakhodka) and Baltic ports
(ports of St. Petersburg). Upon arrival at the port of destination,
the cargo continues the route by road or rail to the destination
points [40].
Delivery from the port of China to the Far Eastern ports takes no
more than 10 days. The customs clearance takes from 2 to 7 days,
136

and then, the container goes by rail to Moscow and reaches it in
10 to 12 days. Thus, the total delivery time from Shanghai to
Moscow with customs clearance at the port of Vostochny is from
22 to 27 days.
Transportation through the Baltic Sea is also in demand. The
delivery time from Shanghai to Moscow via St. Petersburg takes
no more than 55 days. A container sail from the port of Shanghai
to St. Petersburg for 35 days, then customs clearance takes 7
days, then delivery by road takes 3 to 4 days.
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The cost of sea cargo transportation from China to Russia,
considering customs clearance, is $0.7-1.1 per 1 kg of raw
materials.
2) In Russia, sugar kelp (Laminaria saccharina (L.)) and Japanese
sea tangle (Laminaria japonica Aresch) are harvested as raw
materials.

Japanese sea tangle grows in the south of the Sea of Japan and the
Sea of Okhotsk, forming vast thickets in places with the constant
movement of water; it is harvested on Sakhalin.
The two main ways of delivering raw materials from Sakhalin are
the railway and the Vanino — Kholmsk ferry crossing or the
Vladivostok — Korsakov sea route.
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Figure 3: Logistic supply chain of kelp thallus MHS from Sakhalin
In the case of delivery by rail, raw materials are delivered by road
to the city of Kholmsk, from where it is transported by ferry to
the city of Vanino and later delivered by rail to Moscow. The cost
of such delivery will be about 20 rubles per 1 kg of cargo and will
take 20 to 30 days.
The second way of delivery is transporting the raw materials by
road to the port of Korsakov, then by sea to Vladivostok, and
then by rail to Moscow. The delivery period does not exceed 25
days (Fig. 3). The delivery cost is from 15 to 25 rubles per kg of
cargo.
Air delivery of Japanese sea tangle from Yuzhno-Sakhalinsk to
Moscow is carried out by regular flights of Aeroflot and
Transaero airlines. The delivery time does not exceed 2 days.
The cost of transporting 1 kg of cargo is 500-600 rubles.
Delivery by road will take 20 to 30 days and will cost from 4500
rubles/m3.

3) The closest kelp to the production located in the Moscow
region is sugar kelp; its habitat is the open shores of the White
and Kara Seas. This kelp is harvested in Arkhangelsk.
The fastest way of delivery of sugar kelp thallus MHS from
Arkhangelsk to Moscow is air transportation. Delivery to
production using the road and air transport takes no more than 2
days, and the cost of transporting 1 kg of raw materials does not
exceed 300 rubles.
Delivery of raw materials from Arkhangelsk to production
facilities is also possible by road. The short distance makes cargo
transportation by road from Arkhangelsk to Moscow a
convenient and economical way of delivery. The length of this
route is approximately 1,258 km, and the travel time is about 23
hours. The cost of cargo transportation of 1 kg of raw materials
is 50-100 rubles.
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The cost of railway delivery from Arkhangelsk to Moscow is 1012 rubles per kg of cargo. Delivery takes no more than 24 hours
(Fig. 4).
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Figure 4: Logistic supply chain of kelp thallus MHS from Arkhangelsk.

Conclusion
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For the transportation of both Japanese sea tangle and Sugar
Kelp, various types of transport can be used, namely rail, road,
sea, and air transports.
1. The optimal way of the delivery of sugar kelp harvested in
Arkhangelsk to the production located in the Moscow
region is delivery by rail. Considering the unloading of the
train and delivery to the manufacturer's warehouse,
delivery takes no more than a day.
2. The fastest and, at the same time, the most expensive
method of delivery of Japanese sea tangle is from Sakhalin
(by air). The most economical, but also the slowest way is
delivery by rail.
3. Delivery of raw materials from China takes a relatively
long time, in case of using air transport, or, in the case of
rail transport, is more expensive.
4. Today, despite the high share of imports of kelp, Russia has
enough resources to fully meet the demand for raw
materials. The production of kelp thallus raw material is
rapidly developing and increases the volume of products
each year.
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