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Contrary to the contested use of depleted uranium (DU) weapons following the Iraq war in 2003, which led some nations to seek a ban on DU use and even eliminate their existing arsenals, there is now a growing tendency both toward the use and production of DU weapons, rendering such weapons as “normal” and “acceptable.” There is a risk of a DU renaissance as a consequence of the war in Ukraine. We argue that more attention is needed to the strategies to deal with the DU renaissance, including further research on the health and environmental effects and the associated clean-up efforts, particularly concerning chemical toxicity and exposure to DU-linked radiation, to the alternative military strategies, as well as alternative munitions, such as tungsten.
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1 Introduction

Since 2022, a devastating,1 fully-fledged conventional war with pitched battles employing ground forces, consisting of artillery, tanks, and armored vehicles, has been waged on the European continent, involving a nuclear state. Implications of the Ukraine war are yet to be fully assessed (Eslami, 2022), but the increase in military spending represents its clear result; the market of armored vehicles has grown significantly since the beginning of the Ukraine war and will reach $40 billion by 2028 (SWR, 2024). Military spending and efficiency have become a cornerstone of international politics, bringing the issue of Depleted Uranium (DU) weapons to the international agenda.

In early 2023, the US and several European states decided to transfer advanced tanks to Ukraine (Walsh, 2023), protected by DU armor plates and capable of deploying DU rounds (See Table 1). On 22 March 2023, the UK’s Ministry of Defense stated that it would dispatch DU armor-piercing rounds alongside the Challenger-2 main battle tank. While UK Foreign Secretary James Cleverly affirmed no nuclear escalation was intended with the decision, Russia’s President Vladimir Putin stated that Russia would be ‘forced to react’ if shells made with DU were sent (Wilkins, 2023). Russia also accused the West of deploying weapons containing a ‘nuclear component’ (Gozzi, 2023), and Foreign Minister Sergei Lavrov said sending DU ammunition to Ukraine would mean the UK was “ready to violate international humanitarian law as in 1999 in Yugoslavia” (Gozzi, 2023).



TABLE 1 Western main battle tanks delivered to Ukraine as of June 2024.
[image: Table1]

In response to the possible delivery of DU weapons, Russia declared that it would deploy tactical nuclear weapons on the territory of Belarus (Putin, 2023). However, Russia has its own significant DU arsenal, and has deployed to the Ukraine battlefield hundreds of T-80 and T-90 tanks covered by Kontakt-5 plates (explosive reactive armor) that are capable of employing 3BM29-Nadphil-2 and 3BM59 “Svinets-2” DU munitions.

High-density DU alloys, the world’s most widely used nuclear-based weapons, have a proven military efficiency due the capacity of increased armor penetration. DU has been employed in anti-armor rockets, several types of cruise and ballistic missiles, hypersonic munitions, artillery shells, and even regular bullets (Fetter and von Hippel, 2000). DU ammunition was used in the Gulf War (against Iraq), Bosnia, Kosovo, Afghanistan, Syria and Sudan. Deployment of such weapons has subsequently raised concerns regarding adverse health (including cancer) and environmental effects, particularly in relation to chemical toxicity and to a lesser extent, exposure to DU-linked radiation (Sutton and Novkov, 2008; Briner, 2010; Carpenter, 2011, 2016), even though a clear mechanistic connection between the use of DU munitions and health effects has not been established. The debate on impact of DU effects has triggered the discussion on whether DU weapons should be considered “conventional” (Katz, 2014; Shaki et al., 2019), even though there is no treaty or binding resolution prohibiting them (Table 2).



TABLE 2 DU munitions in service of US’ and Russia’s (Airforce and Navy).
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In light of the Ukraine war, and contrary to their contested use following the Iraq war, there is now a tendency toward viewing DU weapons as “acceptable” weapons, despite the previous trend of some nations seeking to ban the use of DU or even eliminate their existing arsenals. The academic literature about the role and place of DU weapons in international security remains limited (Carpenter, 2016; Bruess et al., 2020), and studies tackling DU weapons employment in the Ukraine war remain an exception (Fuller, 2024).



2 Employment of DU-based munitions: a brief overview

DU was initially produced as a “waste” by-product of uranium enrichment during the Manhattan Project (Motron, 1960; Nelson and Carmichael, 1960; Gosling, 1999). The Project’s scientists discovered that DU could be used to create weapons with increased armor penetration, without the need for highly enriched uranium, which is expensive and difficult to obtain (Mizokami, 2021). In the 1970s, the Pentagon reported that the Soviet military had developed armor plating for Warsaw Pact’s T-72 tanks that NATO ammunition could not penetrate. The Pentagon began searching for a material to make denser armor-piercing projectiles. After testing various metals, ordnance researchers settled on DU (Mizokami, 2020).

DU has two military advantages. First, DU is very dense, and its original use was restricted to armored plates protecting military vehicles. For the same reason, it is used in armor-penetrating ordnance. When a DU projectile strikes an armored target, it does not flatten on contact but instead penetrates and ‘self sharpens’ as it passes through the armor (Fetter and von Hippel, 2000). This happens because as the DU projectile is penetrating its target, its outer layer catches fire, creating some radioactive dust, essentially lubricating the remaining projectile, helping it to penetrate further. Second, DU materials are provided to military industries at a very low price (sometimes for free) by stockpilers, because it absolves them of the responsibility of storage (White, 2008). To this end, the invention of DU was a revolution in the military industry.

DU has been used in various types of armaments including high-explosive anti-tank (HEAT) munitions, tank armor, and anti-tank shells, as well as some types of missiles and aircraft counterweights. Modern battlefields are, in other words, loaded with DU.

Artillery rounds and projectiles are the most used munitions, especially by the US, Russia, and the UK (ICBUW, 2024). The US employs various types of armor-piercing DU projectiles, including tank rounds and anti-tank munitions. US military employs the M829A1, M829A2, M829A3, and M829E4 tank rounds and the 105 mm kinetic energy rounds consisting of three models, M774, M833, and M900, all made from DU and in use since the 1970s; however, these munitions were upgraded to a more efficient model of the 105-mm M735E1 since the 1980s. The British Army’s DU (tank rounds) arsenal includes Charm-3 L-27 armor-piercing fin-stabilized discarding sabot (APFSDS) and L29A1 C3TR developed in the 1990s and used in the Middle East in 2003. Other European states also possess DU munitions, such as France which owns OFL 105F2 APFSDS-T tank rounds. The German, Swiss, and army of the Netherlands have another DU tank round, DM-53 (Rheinmetall) currently in service (Global Security, n.d.). Russia also has several models of DU munitions and tank rounds including 3VBM10, 3BM29/30 (3BM29-Nadphil-2), 3VBM13/3BM32/33 (3BM32 “Vant”), 3VBM22/3BM59 (3BM59 “Svinets-2”) as well as 3BK21B and 3BM42 in service since the 1980s; with over a million of DU bullets in service. Soviet DU munitions and more specifically 3BM-46 “Svinets” have been exported to India and are currently in service. As for the types of tanks using DU rounds, these include the American M1 Abrams, the British Challenger 2, the German Leopard 2, the Israeli Merkava IV, the Russian T-72 and T-90, the Japanese Type 90, and the Chinese Type 99. Both Russian tanks and DU rounds have been exported to several states and are currently in service in India, Pakistan, Israel, Ukraine, the United Arab Emirates, Jordan, Saudi Arabia, Bahrain, Turkey, Taiwan, South Korea, Thailand, Oman, and Kuwait (ICBUW, 2022).

Apart from the artillery rounds deployed by different countries’ ground forces, the US Air Forces (USAF) and US Marine Corps (USMC) as well as the Russian Air Force (RAF) and Russian Navy (RN) also possess several types of other DU-based munitions.

DU munitions also include missiles. The Tomahawk cruise missile version used by the US in both Balkan wars employs 400 kg of DU in its airframe to increase its penetration and survivability (Pirot, 2018). Other DU munitions are the air-to-ground missiles (AGM), including the AGM-114 Hellfire missile, the AGM-88 HARM anti-radar missile, the BGM-71 TOW anti-tank missile, the AIM-120B air-to-air missile, and aerial bombs such as GBU-24 Paveway III (2000 lb), 25846d GBU-28 or 37, all used by numerous militaries around the world including the United States, Saudi Arabia, Israel, Turkey, Jordan, Bahrain, Kuwait, Qatar, Afghanistan, Iraq, Egypt, and some European countries (Center for Defense Information, CDI, 2001).

Since DU penetrators are very powerful, the only way to defend against these modern penetrators is DU armor-plates, covering all of the major battle tanks such as Abrams 1, Leopard 2, Challenger 2, Merkava, T-90, and the Indian Arjun MBT. DU armor is also used in a wide range of armored vehicles, such as armored personnel carriers, infantry fighting vehicles, self-propelled artillery, and combat engineering vehicles.

DU munitions have been used in various conflicts since the 1990s (White, 2008), starting with the US using armor-piercing shells and bullets fired from American tanks and planes during the 1991 Gulf War. DU munitions were also used by the US in the Balkans in the 1990s (Young, 2021): NATO forces used DU munitions in Bosnia in 1994, during Operation Deny Flight, and during the 1999 NATO bombing campaign in Kosovo. In 2001, the US and its allies used DU munitions during the invasion of Afghanistan (Global Security, n.d.; Fahey, 2003), reportedly fired from aircraft to destroy Taliban tanks and fortifications. In 2003, the US and its allies again used DU munitions during the invasion of Iraq (Mizokami, 2021), including its extensive use in urban areas such as Baghdad and Basra. DU munitions have also been used by other countries, including the UK and Israel. The UK used DU in the Gulf War and in the Balkans, while Israel reportedly used DU munitions during its conflict with Hezbollah in Lebanon in 2006. Finally, the US Army used thousands of DU rounds during attacks on ISIS militants in Syria in 2015 (Bruess et al., 2020; ICBUW, 2022).



3 Stigmatization of the DU weapons

Although DU weapons are not classified as unconventional weapons, their use has been increasingly associated with a certain stigma, due to potential health hazards and environmental damage (Al-Ansari et al., 2014; Besic et al., 2017; Bjørklund et al., 2020), in spite of the ongoing research on their exact effects.

In 2001, a decade after the massive use of DU weapons in the first Gulf War, their effect came to international attention, first and foremost, in connection with the NATO 1999 military operation in the Federal Republic of Yugoslavia. 2001 European Parliament (EP) resolution called for a moratorium, eventually producing a restrictive effect on the use of DU weapons within NATO, in parallel to instances of reverting from DU to tungsten in both US and UK (Gibbons, 2004). In the same year, Iraq sponsored a resolution in the UN General Assembly to document the impact of DU use in armed conflict, but the initiative failed to win a majority. The study, undertaken by World Health Organization (WHO), flagged potential long-term repercussions of DU use on human health and the environment (WHO, 2001). However, other studies pointing at more serious health and environmental consequences (including cancer, birth defects, and other illnesses reported by the Government of Iraq, associating them with the Gulf War in 1991) have led to the institution, in October 2003, of the International Campaign to Ban Uranium Weapons (ICBUW) and “call for a halt to the production, testing, sale, stockpiling, transport and export of these weapons and a decommissioning of all existing stockpiles” (CADU, 2003), coinciding with the US military invasion and occupation of Iraq in March the same year (Eslami and Vieira, 2023a, 2023b).

The years 2007–2008 constituted a milestone period in the international stigmatization of DU weapons, mainly with the adoption of the resolution A/RES/62/30 by the UN General Assembly (UNGA) ‘Effects of the use of armaments and ammunitions containing depleted uranium” of 5 December 2007′, followed by another nine resolutions, the last one adopted in December 2022 (77/49, 13 December).2 The UNGA, while “taking into consideration the potential harmful effects of the use of armaments and ammunitions containing depleted uranium on human health and the environment” asked “the Secretary-General to seek the views of the Member States and relevant international organizations on the effects of the use of armaments and ammunitions containing depleted uranium, and to submit a report on this subject” (A/RES/62/30). Since 2008, the matter has been addressed by the UNGA on a biennial basis. ICBUW campaigning efforts contributed to the 2008 EP Resolution ‘Global treaty to ban uranium weapons’, also asking to “support for projects that could assist victims and their relatives as well as for clean-up operations in the affected areas, should a negative effect on human health and the environment be confirmed.” [P6_TA (2008) 0233] Belgium was the first country to declare a ban on weapons in 2007, followed by Costa Rica in 2011.

Against this background, one could argue that a certain stigmatization of DU armaments has been emerging, even though it failed to acquire the scale of an international moratorium (Carpenter et al., 2014). The regular adoption of the UNGA resolutions and other documents, even though non-binding, had led to the categorization of DU weapons as causing undue suffering due to their potential indiscriminate, lingering impact on the environment and humans, well beyond the duration of the conflict. Eventually, despite the opposition by some UN member states, there was a tendency of seeking less hazardous materials and trying to replace DU in tank ammunition with alternatives. Indeed, as an instance of this tendency was South Korea transferring, in April 2022, 1.3 million rounds of armor-piercing ammunition made of DU to the US, following the debate over their “conventional” status (Stars and Stripes, 2022). A gradual progress in stigmatization of the DU has been thus taking place, which is very possibly at risk with the war in Ukraine.



4 The war in Ukraine: a warning against DU renaissance

DU weapons have reportedly been employed in Ukraine war by both warring parties (ICBUW, 2024), in spite of its environmental and health consequences for civilians and military personnel, its status in international law and treaties and conventions aimed at protecting civilians during armed conflicts, and the existing alternatives. This is contrary to the contested use of DU weapons following the Iraq war in 2003, which led some nations to seek a ban on the use of DU and even eliminate their existing arsenals. The Ukraine war thus potentially sets off a tendency both toward a growing use of DU, paving the way to the consideration of DU weapons as “normal” and “acceptable.” While in December 2020, the vote in the UNGA (A7RES/77/49) registered the record high number of 159 countries in favor and only the US, Israel, and France against (UNGA, 2020), in the December 2022, the number of states voting against the resolution (A/RES/75/42) dropped to 147, with the UK, Liberia, the US, Israel, and France voting against and 23 European and NATO states and NATO abstaining (UNGAV, 2023).

The use of DU munitions by warring parties in Ukraine can result in the further de-stigmatization of these arms and therefore encourage different states to develop, purchase and employ such munitions. The implication of de-stigmatization and normalization of DU munitions will affect the policy of three groups of actors toward DU-based armaments. Firstly, there is a group of countries that have been both producing and using DU munitions, composed most notably by the United States (but also the UK, even though employed to in a more limited manner). These countries are now more reassured in the importance of both having and using these weapons. To this end, the US officials demonstrated DU munitions as “normal” weapons and reinforced the idea that “If Russia is deeply concerned about the welfare of their tanks and tank soldiers, the safest thing for them to do is move them across the border, get them out of Ukraine” (Kirby, 2023). As it is clear from the quote, the fact that they can be employed is not connected to any kind of restrictive effect of the DU as a weapon itself.

Secondly, there is a group of states that have been producing, or in possession of DU munitions, however never actually using them. These states would now tend to view the elimination of their DU arsenal, as already undertaken by some states like Belgium or Costa Rica in the past, as an irrational option, in both defense economic and strategic terms. Thus, the tendency toward employment of DU armaments in the Ukraine war is dissuading countries from eliminating their existing DU munitions. Countries that have stopped or restricted the use of DU munitions could consider their reintroduction into the arsenals.

Thirdly, there is a group of states that have never employed nor produced DU munitions but are considering producing them. Two representatives of this group are Poland and Iran. In April 2023, Poland’s then Prime Minister Mateusz Morawiecki officially announced that the country was considering becoming independent in the production of DU rounds and is planning to produce its local DU munitions and armored plates (Morawiecki, 2023). As for Iran, an emerging military power, which has never produced or imported DU munitions, it has been revising its strategic capabilities, and currently making operational its local Karrar tanks, based on the Russian T90 platform, capable of employing DU munitions.

Ultimately, the war in Ukraine appears to be reversing the stigma of DU weapons, which can encourage other states to produce, acquire and use them and thus significantly complicate the efforts toward its prohibition. Eventually, such an effect might not be restricted to DU weapons, but extend to other kinds of munitions, including landmines or cluster munitions, already used since 2022, or blinding lasers. In light of this proliferation trend, it is important to identify risks associated with the employment of DU munitions and the ways to mitigate them, based on previous lessons (Storm et al., 2006; Faa et al., 2018). The use of DU munitions in Iraq affected military and civilians, and all neighboring countries in the Middle East, as documented by several studies demonstrating the pollution of air, soil, and water sources in Iran, Saudi Arabia, and Kuwait (Shaki et al., 2019). Both combatants during the conflict in Ukraine have deployed DU munitions. The health and environmental concerns are significant, especially given that Ukraine is one of the most important agricultural producers in the world, and that the pollution of Ukraine’s soil and water will result in the pollution of agricultural products for long decades, with implications for health and environmental security in European countries. Ukraine, however, has been excused for potentially considering to use DU weapons as a result of being invaded by a much larger and better equipped (in terms of sheer numbers of vehicles and munitions) army that possesses armor-plated tanks and DU munitions itself.

From a normative perspective, offensive weapons in their entirety are ultimately detrimental to humanity and ideally would be prohibited. Yet most military planners operate in the realist school, seeking an advantage over adversaries due to the security dilemma. Thus, there will always be advocates of DU deployment. Yet there are existing alternatives where military objectives can be achieved with conventional weapons. In response to DU advocates, there are conventional munitions, while not as effective as DU for armored piercing missions, that range from “kamikaze” drones and quadcopters, top-attack missiles, man-portable anti-tank rockets, and steel projectiles can be used against targets, ranging from the advanced main battle tanks, including the Abrams, Leopard, Russian T90 and T80 to artillery cannons such as Howitzers, multiple rocket launchers such as HIMARS, Tosochka, Tornado, personnel carriers, and other armored vehicles. As of June 2024, close to 900 Ukrainian tanks (including 77 Leopard-2 and 9 Abrams-1) as well as over 3,000 Russian tanks (including 273 T80 and 145 T90) were destroyed, without the use of DU projectiles. This is not to mention tungsten (armor-piercing rounds), is an important DU alternative due to its penetration capacity. While DU still outperforms tungsten shells in terms of penetrating power, tungsten, which is denser than DU, still represents a viable armor-piercing alternative. Though tungsten may be more expensive than DU, the cost difference is not significant enough to outweigh the benefits of using a cleaner and more environmentally friendly alternative, since it does not pose similar risks to human health and the environment as DU. Tungsten is, however, not as abundant in nature as uranium and is found only in China, Vietnam, Russia, North Korea, Rwanda, Australia, Pakistan, Iran, and Bolivia, as well as in Spain, Austria, and Portugal. More attention needs to be paid to the alternative military application of tungsten and a possible transition from DU munitions to tungsten projectiles by leveraging the latter’s unique properties. Ultimately, this alternative is part of the avenues for future research, along with the human health and environmental debate on DU contamination, and counter-proliferation strategies to deal with the acceptance and increased use of DU munitions.
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Footnotes

1   This study was conducted in a close yet unofficial dialog with the academic, political, and military experts in the field of DU munitions. We would like to thank our colleagues who are or were previously working at the International Atomic Energy Agency (IAEA), North Atlantic Treaty Organization (NATO) and Pentagon as well as military experts from Russia, Ukraine and Iraq who interacted with us, allowing for triangulation of the information.

2   Resolutions 63/54 of 2 December 2008, 65/55 of 8 December 2010, 67/36 of 3 December 2012, 69/57 of 2 December 2014, 71/70 of 5 December 2016 and 73/38 of 5 December 2018 and 75/42 of 7 December 2020.
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