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Abstract

Background: The repeated use of prohibited chemical weapons in the Syrian conflict poses serious health,
humanitarian, and security threats to civilians, healthcare personnel, and first responders. Moreover, the use of
chemical weapons constitutes a clear and egregious violation of international law—likely amounting to a war
crime—for which continued impunity is setting a dangerous precedent in relation to current and future conflicts.
This debate article calls upon concerned states, organizations, and individuals to respond urgently and
unequivocally to this serious breach of international legal and humanitarian norms.

Main Body: Based on health, humanitarian, and legal findings, this article calls for concrete action to: 1) reduce the risk of
chemical weapons being used in current and future conflicts; 2) review and support the preparedness equipment and
antidote supplies of first responders, humanitarian organizations, and military forces operating in Syria; 3) support
international mechanisms for monitoring and enforcing the prohibition on chemical weapons, including through criminal
accountability; 4) support civilian victims of chemical weapons attacks, including refugees; and 5) re-commit to the
complete elimination of chemical weapons in compliance with the Chemical Weapons Convention (1993), a comprehensive
treaty that bans chemical weapons and requires their complete destruction.

Conclusion: All involved states and organizations should take urgent steps to ensure the protection of the most vulnerable
victims of conflict, including victims of chemical weapons attacks in Syria, and to reinforce international law in the face of
such serious violations.

Keywords: Syria, Chemical weapons, Nerve agents, Disaster preparedness, Conflict zones, Humanitarian response,
Protection of civilians, International law, International treaties, United Nations

Background
In the deadliest use of chemical weapons in Syria since
August 2013, at least 83 people were killed, including 28
children, and over 293 people were reported injured by a
confirmed sarin gas attack on the northern rebel-held
area of Khan Shaykhun, Idlib Province, Syria on April 4,
2017, carried out by the Syrian government [1]. The at-
tack followed in a pattern of repeated use of chemical
weapons in the Syrian conflict which poses serious
health, humanitarian, and security threats to civilians,
healthcare personnel, and first responders in Syria.

Moreover, the use of chemical weapons constitutes a
clear and egregious violation of international law—in
particular, the 1993 Chemical Weapons Convention
(CWC)—likely amounting to a war crime for which con-
tinued impunity is already setting a dangerous precedent
for current and future conflicts and imperiling global
public health.

History of chemical warfare in Syria and
elsewhere
The use of chemical weapons is rare in modern warfare.
The first modern use of large-scale chemical warfare
dates back to World War I, when all major belligerents
used or attempted to use chlorine gas, mustard agents,
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and/or phosgene, killing an estimated 100,000 troops. In
1988, Iraqi leader Saddam Hussein used mustard gas
and nerve agents against Iranian ground forces and
Kurdish rebels, killing thousands [2].
The alleged use of internationally banned chemical

weapons such as sarin and chlorine gas in Syria can be
traced back to 2013, when the first reports became
known in many locations, including Khan Al Asal, [3]
Sarqib, [4] Ghouta, [5] and Jobar [6]. According to the
most recent statistics, there have been 234 separate and
documented chemical attacks since the beginning of the
Syrian war, resulting in over 13,000 injuries and 3415
deaths [7]. Two hundred eleven of these attacks were
attributed to chlorine gas alone, or chlorine with traces
of sarin.
The United Nations (UN), on numerous occasions,

has confirmed the use of chemical weapons in Syria.
Between March 2013 and March 2017, the UN Human
Rights Council-mandated Commission of Inquiry on
Syria “documented 25 incidents of chemical weapons
use in the Syrian Arab Republic, of which 20 were
perpetrated by government forces and used primarily
against civilians,” not including the Khan Shaykhun
attack in April 2017 [8]. These incidents have entailed
the use of sarin, which has been used in multiple
incidents, [9] as well as other chemical weapons, fore-
most among them chlorine gas, which has reportedly be-
come “almost routine” in northern Syria [10].

Health and medical impacts of sarin gas and
other nerve agents
The health and medical impacts of chemical weapons
are severe, immediate, and life threatening, causing hor-
rendous injuries and rapid death, especially for children.
Upon exposure to nerve agents, for example, victims are
likely to experience drooling, vomiting, and diarrhea,
followed by paralysis and asphyxiation. Those who do
not die are likely to suffer from long-term neurological
damage. Contributing to the cruelty of these weapons,
chemical attacks are particularly deadly for civilians shel-
tering below ground from conventional weapons attacks,
since gas agents are often denser than air and can there-
fore transform basements or bomb shelters into death
traps [11].
Exposure and poisoning by a nerve agent like sarin or

venomous agent X, also known as VX, disrupts choliner-
gic transmission of the nerve signals throughout the
body, leading to symptoms that may include constriction
of pupils (miosis), profuse salivation, involuntary
urination and defecation, respiratory distress, muscle
paralysis, loss of consciousness, and seizures. Death may
result by asphyxiation and bronchospasm due to a loss
of control of the respiratory muscles and inability to
clear pulmonary secretions (bronchorrhea).

Symptoms will appear within a few seconds after
exposure to the vapor form, and from within a few
minutes to up to several hours after exposure to the
liquid form. Any liquid contact with the skin, unless
washed off immediately, could be fatal. Children are
more vulnerable than adults to the lethal effects because
of their closer proximity to the ground, smaller body
mass, higher respiratory rate, increased skin permeability,
and immature metabolic systems [12].

Response and treatment
Recovery from nerve agent exposure is possible with
focused and immediate treatment, but available antidotes
must be used rapidly to be effective. If victims have been
exposed to a nerve agent, they should be removed from the
source of the exposure and evacuated into fresh air. Skin
decontamination of toxic chemical warfare nerve agents is
crucial for mitigating the systemic toxicity. Contaminated
clothing should be removed by rescuers wearing personal
protective equipment. Rescuers should also rapidly wash
and decontaminate the victims with soap and copious
amounts of water and should remove and dispose of cloth-
ing in a sealed, secure biological plastic bag to avoid
secondary exposure. Family members and rescue personnel
risk cross-contamination and secondary toxicity if not
adequately protected with latex gloves and proper equip-
ment when handling and treating victims.
The basis for the medical management of nerve agent-

poisoned casualties is derived from clinical experience with
pesticide poisoning [13]. The two pillars of treatment
include parenteral administration of atropine (2-6 mg every
5–10 min) to counter the muscarinic effects of excess
acetylcholine, and 1-2 g of pralidoxime (2-PAM) to cleave
the nerve agent from acetylcholinesterase and restore the
active site. Atropine should be administered until symp-
toms of bradycardia, bronchospasm, and bronchorrhea
resolve, a process that may require extraordinarily high
doses of atropine. Current military field treatments for
nerve agent intoxication include auto-injectors containing
atropine and 2-PAM, which help to restore the transmis-
sion of nerve signals in the body [14]. With severe cases of
nerve agent poisoning, large doses of atropine may be
required, often exceeding available supplies. In many low-
or middle-income countries such as Syria, 2-PAM is too
costly and not readily available. A flood of victims after a
nerve agent attack such as sarin gas may quickly deplete
hospital supplies of atropine and 2-PAM. Moreover,
although much of the current atropine supply in Syria is
expired, healthcare providers should be aware that, if neces-
sary, these antidotes may be used on an emergency basis
beyond their expiration date [15].
Several leading concerns with regard to the immediate

humanitarian response include:
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� The absence of available technology for identifying
which chemical agent has been used, impacting
upon immediate response, attribution, and
accountability efforts [16]

� The lack of sufficient personal protective equipment
for first responders (whether civil or military)

� Insufficient antidote reserves (particularly oxides
[2-PAM])

� The danger of rescuers or grieving families
subjecting themselves to toxic exposure, whether
from the victim’s secretions (lung secretions, vomit,
diarrhea) or directly from the nerve agent itself if
the skin is not properly decontaminated

Moreover, beyond the particular concerns outlined
above, the ability of healthcare providers to respond to
the use of chemical weapons has been severely ham-
pered by the direct and repeated targeting of medical fa-
cilities and personnel—a war crime under international
law—including by the use of conventional and chemical
weapons [8]. This “weaponisation of health care” has
made Syria “the most dangerous place on earth for
health-care providers”: over 800 health workers have
been killed in the conflict, [17] and many more injured,
incarcerated, or tortured, sparking a mass exodus of
healthcare workers from the country [18]. This unprece-
dented challenge to medical humanitarianism, and the
failure of the international community to effectively re-
spond, has given rise to growing calls for rethinking the
provision of healthcare and humanitarian assistance in
conflict [19].

Strict prohibition of chemical weapons under
international law
The use of chemical weapons in armed conflict not only
poses a serious risk to the health of civilians but also is
strictly and unambiguously prohibited under international
law. Warring parties are prohibited from using chemical
weapons in any situation or circumstances (in international
or non-international armed conflict) against any persons
(civilians or soldiers). Chemical weapons may also not be
used in retaliation for a previous chemical weapons attack.
These prohibitions date back to the late 19th century

[20] and were most recently articulated and developed
in the 1993 CWC, which entered into force in 1997. The
CWC prohibits the use, development, production, stock-
piling, and transfer of chemical weapons, and it estab-
lished the Organisation for the Prohibition of Chemical
Weapons (OPCW) for the purposes of implementation
[21]. The CWC obliges parties to: destroy all existing
chemical weapons and production facilities under inter-
national verification; monitor the chemical industry to
prevent the emergence of new weapons; provide assist-
ance and protection to States Parties against chemical

threats; and foster the peaceful use of chemistry. Consid-
ering its near universal membership (with 192 States
Parties at present) and intrusive verification mechanisms,
the CWC is widely considered to be one of the most
successful disarmament treaties. Only four states—Egypt,
North Korea, South Sudan, and Israel (which has signed
but not ratified)—remain outside of the convention [11].
As of October 2016, the OPCW verified that approxi-

mately 90% of the world’s declared stockpile of 72,304
metric tons of chemical agent had been destroyed, [22]
including 90% of the U.S.’s declared stockpile of 33,600
metric tons of chemical agent, in line with States Parties’
obligations to work towards complete disarmament.

Syrian chemical weapons disarmament
While not previously a member, Syria agreed to join the
CWC following international pressure sparked by the
August 2013 Ghouta attack [23]. It became a party to
the CWC in September 2013 (with entry into force in
October) and reported an inventory of 1300 tons of
chemical agents and precursors to the OPCW. By June
2014, the OPCW had verified the destruction of 24 of
Syria’s 27 declared production and storage facilities (the
remaining sites were deemed too dangerous to visit) and
the removal from the country of all of Syria’s declared
chemical weapons.
Since then, however, suspicions of undeclared stock-

piles (including of sarin, chlorine, and ricin) and reports
of chemical weapons use in Syria have persisted. UN
investigators found “compelling confirmation” of the use
of chemical weapons in Syria in 2014 and 2015, leading
the UN to establish the “OPCW-UN Joint Investigative
Mechanism,” which later attributed responsibility to the
Syrian government (on three occasions) and ISIS (on
one occasion) [24].
In light of the evidence of continued possession and

use of chemical weapons in Syria, and the volatility and
complexity of the current conflict, concerns also exist
over the potential for the Syrian regime to transfer such
weapons to non-state actors (such as Hezbollah in
Lebanon) or to other states (such as Iran or North
Korea). The risk also exists, especially in the event of re-
gime collapse, that the Syrian regime could lose control
of these weapons, resulting in further proliferation.
Given the events that this section has described, it is ap-
parent that there is an immediate need to understand the
extent of remaining undeclared weapons stockpiles in Syr-
ia—including potential bio-weapons capabilities—and to
work toward their destruction.

Enforcement
As the conflict in Syria becomes increasingly complex
due to a range of factors—including the conflict’s
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protracted nature, the plethora of fragmented armed
groups operating in the country, and the geopolitical im-
portance of the conflict—it is critical to consider the
international diplomatic pressure points that may pre-
vent Syria from using chemical weapons in the future
and to hold those responsible to account. Both sanctions
and criminal accountability measures are available to
states and the international community to enforce the
international ban on the use of chemical weapons. From
a humanitarian perspective, it is also crucial that any
such actions be accompanied by measures to mitigate
the impact on already vulnerable populations.

Condemnation
First, states must condemn the use of chemical weapons in
the strongest possible terms. Many political leaders and
international bodies have already voiced strong ethical and
legal objections condemning the use of chemical weapons.
However, the Security Council (SC) has failed to formally
condemn the attacks or take further action to stop them.
On April 12, 2017, the SC tabled a draft resolution—backed
by the U.S., U.K., and France but opposed by Russia with
its veto power—which would have condemned the chem-
ical weapons attack in Khan Shaykhun and called for
accountability. While continuing to work to break the
gridlock in the SC, other states should individually and
collectively act to forcefully condemn the use of chemical
weapons in Syria.

OPCW enforcement powers
Second, if the OPCW finds a state party to be in violation
of the CWC, it may authorize sanctions. The OPCW may
not authorize the use of military force, and although it may
consult with the SC to do so if appropriate, the SC itself is
limited both by individual veto power and the lack of a
military response capability apart from Member States.
Given the clear evidence of repeated violation in Syria –
despite the OPCW disarmament mission – the OPCW
should use its power to urge its Member States who have
not already done so to institute sanctions against Syria over
the use of chemical weapons.

Sanctions
Third, sanctions constitute another available and non-
military means for states to enforce the ban on chemical
weapons vis-à-vis the Syrian regime. In February 2017,
Russia cast its seventh SC veto (and China its sixth veto)
blocking an attempt by the U.S., U.K., and France to im-
pose collective sanctions on Syria over the use of chemical
weapons. In contrast, the SC has passed sanctions against
ISIS, Al-Nusra Front, Al-Qaida, and other designated ter-
rorist organizations operating in Syria. A number of states
have nonetheless applied a range of sanctions against the
Syrian government and key individuals and organizations

supporting the Assad regime since the beginning of the
conflict, as have the regional bodies such as the European
Union, the Arab League, and the Organization of Islamic
Cooperation. States that have not already done so should
consider instituting further sanctions against Syria for
chemical weapons-related violations. However, this should
be done with caution, as sanctions may also cause dispro-
portionate harm to civilians, raising significant humanitar-
ian concerns, as discussed in greater detail below.

The responsibility to protect
The widespread and systematic nature of international
law violations in the Syrian conflict has also sparked
significant debate over the potential application of the
doctrine of Responsibility to Protect (R2P). In 2005,
recognizing the failure to adequately respond to the most
heinous crimes known to humankind, world leaders made
a commitment to protect populations from genocide, war
crimes, ethnic cleansing, and crimes against humanity at
the UN World Summit. This commitment under R2P stip-
ulates that individual states carry the primary responsibility
for the protection of populations from mass atrocity crimes
and that the international community has a responsibility
to assist states in fulfilling this responsibility. Accordingly,
under R2P, the international community should use appro-
priate diplomatic, humanitarian, and other peaceful means
to protect populations from these crimes. If a State fails to
protect its populations or is in fact the perpetrator of
crimes, the international community must be prepared to
take stronger measures, including the collective use of force
through the SC. Much of the doctrine of R2P is a restate-
ment of existing commitments, rather than new inter-
national law, though the Syrian context merits considerable
reflection on R2P and how the international community
can collectively renew and live up to its commitments to
civilian protection [25]. Thus far, the Russian veto on the
SC has prevented a collective decision to authorize the use
of force to protect civilians in Syria.

Health & humanitarian consequences
From a humanitarian perspective, it is crucial that any
enforcement measures—such as sanctions or the use of
UN peace enforcement action—consider and mitigate
the impact on already vulnerable civilian populations.
For instance, any military action, if deemed appropriate,
must be carried out in accordance with international
humanitarian law (IHL), including the obligation to
protect civilians from adverse impacts of the conflict
[26]. Similarly, any sanction measures should ideally be
multilateral, targeted at the members and supporters of
the regime, accompanied by humanitarian assistance for
vulnerable populations, and combined with other diplo-
matic efforts and incentives.
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Finally, it should be noted that while the use of
chemical weapons constitutes an egregious violation of
international law with devastating impacts on civilians, it
is far from the only such violation to be committed in
the Syrian conflict which needs to be addressed. Parties
to the conflict, especially the Syrian government, have
routinely used other internationally sanctioned weapons,
including cluster munitions and incendiary weapons,
and have carried out deliberate and systematic attacks
on civilians, hospitals, cultural heritage sites, and other
protected persons and objects, in direct violation of
international law and medical neutrality [27].

Accountability
It is also critical to pursue individual criminal accountability
for the use of chemical weapons and other serious viola-
tions of international law committed in Syria. While many
of these options are currently being pursued in tandem,
each faces significant barriers necessitating significantly
more international support to achieve even partial justice.

Independent Mechanism to prepare future prosecutions
In December 2016, the UN General Assembly estab-
lished an “Independent Mechanism” to assist in investi-
gation and prosecution of serious international crimes
committed in Syria. This Mechanism’s aim is to supple-
ment the work of the existing UN Commission of
Inquiry on Syria by taking on a pre-prosecutorial func-
tion: consolidating, preserving, and analyzing evidence
in order to prepare files to assist in future investigations
and prosecutions of those individually responsible for
serious international crimes. The effective operation of
the Independent Mechanism will depend on sufficient
funding and political support by Member States, and
ultimately, the opening up of avenues for prosecution.

International Criminal Court (ICC)
The International Criminal Court (ICC) offers one po-
tential avenue for pursuing individual criminal account-
ability for the use of chemical weapons in Syria, though
political and jurisdictional issues pose significant barriers
to its involvement. Established by the Rome Statute in
1998 and beginning operations in 2003, the ICC is the
first permanent international criminal court for the
investigation and prosecution of perpetrators of the
most serious international crimes, including the use of
chemical weapons. Since Syria is not a State Party to the
Rome Statute (and neither are Russia, the U.S., Iran, or
other key parties to the Syria conflict), the ICC does not
have a clear basis for jurisdiction. The ICC would be
able to exercise jurisdiction over the situation in Syria if:
1) the Syrian government ratifies the Rome Statute; 2)
the Syrian government accepts the jurisdiction of the
ICC through a declaration; or 3) the SC refers the

situation in Syria to the ICC. With regard to a referral
by the SC of the situation in Syria to the ICC, this op-
tion has thus far been attempted but blocked at the SC
by the vetoes of permanent members Russia and China.
The ICC could, however, exercise jurisdiction over
crimes committed by dual nationals of Syria and a state
party to the ICC (e.g., ISIS foreign fighters who are na-
tionals of European ICC Member States). Furthermore,
if the ICC were to gain jurisdiction over the situation in
Syria, the Court would still face a number of hurdles in
prosecuting cases, including gaining custody of high-
level accused, such as President Assad, and protecting
witness and victim participation. The prosecutor would,
however, benefit from the existence of a “staggering”
body of evidence that has already been gathered and
analyzed [28].

Establishment of an ad hoc tribunal
Beyond the ICC, the international community—either
through a SC decision or agreement with the affected
state—may also set up an ad hoc international or hybrid
international-domestic criminal tribunal to prosecute serious
international crimes, such as the use of chemical weapons,
as states have done for cases in the former Yugoslavia,
Rwanda, Sierra Leone, Lebanon, and Cambodia. Some have
advocated for the establishment of such an ad hoc tribunal
for Syria, though the permanent ICC is generally considered
to be a more viable option, given the political difficulties and
costs of establishing a separate court de novo.

Domestic prosecutions of international crimes
In addition to international criminal courts, states may
also prosecute the use of prohibited chemical weapons
in their domestic courts, provided that they have incor-
porated these international crimes into their domestic
criminal codes and are able to gain custody over the
accused (e.g., as refugees, asylum seekers, or foreign
fighters). Several prosecutions of accused Syrian war
criminals have already been initiated in European states
(including Germany, France, the Netherlands, Norway,
Spain, Sweden, and Switzerland) through the exercise of
domestic or universal jurisdiction. These developments
indicate that it may also be possible to prosecute further
Syrian perpetrators who have fled to Turkey, Jordan,
Lebanon, or the U.S., as well as dual Syrian nationals or
foreign fighters. Given the lack of political will for
accountability at the international level, these domestic
cases are critically important to advancing justice in the
near term. However, their overall impact on the situation
in Syria is likely to be limited. In light of this reality,
concerned states and organizations should support legal
and investigative efforts in national jurisdictions, while
at the same time continuing to investigate and prepare
cases for future international prosecution and
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continuing diplomatic efforts to open a path to such
eventual international criminal prosecution.

Conclusion and recommendations
In light of aforementioned challenges posed by the re-
peated use of prohibited chemical weapons in the Syrian
conflict, this article calls upon concerned states, organi-
zations, and individuals—including the U.S.—to respond
urgently and unequivocally to these attacks, which rep-
resent both a serious breach of international legal and
humanitarian norms and a threat to public health. In
particular, this paper calls for concrete action to:

� Respond immediately to reduce the risk of chemical
weapons being used in future conflicts: The repeated
and increasing use of chemical weapons in the
Syrian conflict constitutes a disturbing break with a
clear and long-standing prohibition which threatens
to set a dangerous precedent for future conflicts. If
the use of chemical weapons is allowed to become
more commonplace, it will seriously threaten the life
and health of civilians, humanitarian responders, and
military personnel in conflict settings worldwide.

� Continue to support international mechanisms for
monitoring and enforcing the prohibition on chemical
weapons: Organizations such as the OPCW are
critical to monitoring and enforcing international
prohibitions on chemical weapons. For this reason,
the U.S. and other concerned states should provide
robust political, financial, and other support to these
institutions, including UN bodies playing a key role
in disarmament.

� Support nonproliferation efforts: Such efforts include
national cooperative threat reduction programs to
prevent the proliferation of chemical, biological and
other prohibited weapons in and from Syria, and to
increase the capacity of neighboring states to
interdict weapons transfers.

� Strengthen commitment to reducing national
stockpiles: States—foremost being Russia and the
U.S.—which remain behind schedule for completing
full disarmament under the CWC should redouble
efforts to reach the target of 100% disarmament.
This will send a positive signal to other states that
chemical weapons have no place in warfare or
military arsenals.

� Review and support the preparedness of first
responders, humanitarian organizations, and
military forces: Given the involvement of an array of
military, humanitarian, and other actors in the
Syrian conflict, as well as the transnational threat of
chemical weapons attacks in the region, it is
imperative to review and support preparedness to
respond in the event of any future chemical attack.

Responders must have up-to-date preparedness
training, personal protective equipment, and medical
resources, including adequate and readily available
supplies of antidotes including atropine and oximes.

� Support efforts toward criminal accountability for
serious violations of international law in Syria: The
U.S. and other concerned states and organizations
should play a central role in supporting
accountability efforts at both the international and
national level for the use of chemical weapons as
well as other serious violations of IHL.

� Support refugees and other victims of the conflict:
The use of chemical weapons in Syria highlights the
brutal impact of the conflict on civilians, and the
need for states to uphold their commitments to
refugee protection in accordance with international
law and humanitarian norms, as well as to support
other refugee-hosting countries.

Abbreviations
2-PAM: Pralidoxime; CWC: Chemical weapons convention; ICC: International
criminal court; IHL: International humanitarian law; OPCW: Organisation for
the prohibition of chemical weapons; R2P: Responsibility to protect;
SC: Security council; UN: United Nations

Funding
Not applicable

Availability of data and materials
Not applicable

Authors’ contributions
JB and SW analyzed the legal and humanitarian policy aspects of the
prohibition on chemical weapons and its implementation in Syria. TE and SK
analyzed the humanitarian, health and medical response to the use of
chemical weapons. RR initiated and framed the conception and design of
the paper, guided the framing of key questions and provided insight on the
policy aspects of responding to the use of chemical weapons. FB provided
feedback on international humanitarian health and law. All authors read and
approved the final manuscript.

Authors’ information
The authors are affiliated with the Harvard Humanitarian Initiative (HHI), an
interfaculty initiative with the mission to advance the science and practice of
humanitarian response worldwide through research and education. Based at
the Harvard T.H. Chan School of Public Health, HHI serves as the
humanitarian arm of Harvard University and brings an interdisciplinary
approach to building the evidence base of humanitarian studies and
professionalizing the field of humanitarian aid.

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Brooks et al. Conflict and Health  (2018) 12:12 Page 6 of 7



Author details
1Harvard Humanitarian Initiative, Cambridge, MA, USA. 2Department of
Emergency Medicine, Brigham and Women’s Hospital; Harvard Medical
School, Harvard Humanitarian Initiative, Cambridge, MA, USA. 3Department
of Emergency Medicine, Brigham and Women’s Hospital, Harvard Medical
School; and Core Faculty, Harvard Humanitarian Initiative, Cambridge, MA,
USA. 4U.S. House of Representatives for California’s 36th congressional
district, Washington, D.C., USA.

Received: 10 August 2017 Accepted: 12 January 2018

References
1. Report of the Independent International Commission of Inquiry on the Syrian

Arab Republic. A/HRC/36/55. 8 August 2017. http://www.ohchr.org/
Documents/HRBodies/HRCouncil/CoISyria/A_HRC_36_55_EN.docx.
Accessed 13 Nov 2017; See also Organisation for the Prohibition of Chemical
Weapons (OPCW). OPCW Fact-Finding Mission Confirms Use of Chemical
Weapons in Khan Shaykhun on 4 April 2017. 30 June 2017. https://www.
opcw.org/news/article/opcw-fact-finding-mission-confirms-use-of-chemical-
weapons-in-khan-shaykhun-on-4-april-2017/. Accessed 5 Sept 2017.

2. Timeline: Chemical weapons attacks. Reuters. 22 August 2013. http://www.
reuters.com/article/us-syria-crisis-chemical-attacks-timelin-
idUSBRE97L0RI20130822.

3. Holmes O, Solomon E. Alleged Chemical Attack Kills 25 in Northern Syria.
Beirut: Reuters; 2013. http://www.reuters.com/article/us-syria-crisis-chemical-
idUSBRE92I0A220130319.

4. Syria Chemical Weapons Allegations. BBC News. 31 October 2013. http://
www.bbc.com/news/world-middle-east-22557347.

5. Human Rights Watch. Attacks on Ghouta: analysis of alleged use of
chemical weapons in Syria. 10 September 2013. https://www.hrw.org/
report/2013/09/10/attacks-ghouta/analysis-alleged-use-chemical-weapons-
syria . Accessed 8 Aug 2017.

6. Chulov M, Mahmood M, Sample I. Syria Conflict: Chemical Weapons Blamed
as Hundreds Reported Killed. The Guardian. 22 August 2013. https://www.
theguardian.com/world/2013/aug/21/syria-conflcit-chemical-weapons-
hundreds-killed. Accessed 8 Aug 2017.

7. Syrian American Medical Society. Dilemmas in healthcare in Syria, needs
assessment, Dynamics & Ethics: attacks on health care facilities and
chemical weapons. 17th international conference, Istanbul, Turkey July 7-9.
In: Based on data from CVDSC collaboration in research and methodology
for official statistics – European Commission; 2017.

8. Report of the Independent International Commission of Inquiry on the
Syrian Arab Republic. A/HRC/36/55. 8 August 2017. http://www.ohchr.org/
Documents/HRBodies/HRCouncil/CoISyria/A_HRC_36_55_EN.docx.
Accessed 13 Nov 2017.

9. Report of the Independent International Commission of Inquiry on the
Syrian Arab Republic. A/HRC/25/65. 12 February 2014. http://www.ohchr.
org/EN/HRBodies/HRC/RegularSessions/Session25/Documents/A-HRC-25-65_
en.doc. Accessed 8 Aug 2017.

10 Barnard A, Gordon MR. Worst Chemical Attack in Years in Syria; U.S. Blames
Assad. The New York Times. 4 April 2017. https://www.nytimes.com/2017/
04/04/world/middleeast/syria-gas-attack.html.

11 Illegal weapons: A global guide. IRIN News. 3 April 2017. https://www.
irinnews.org/analysis/2017/04/03/illegal-weapons-global-guide.

12 Wright L, Lee R, Vincelli N, Whalley C, Lumley L. Comparison of the lethal
effects of chemical warfare nerve agents across multiple ages. Toxicol Lett
2016; 241: 167-174.

13 Rice H, Mann T, Armstrong S, Price M, Green A, Tattersall J. The potential
role of bioscavenger in the medical management of nerve-agent poisoned
casualties. Chem Biol Interact 2016; 259:175-181.

14 Chambers J, Meek E, Chambers H. Novel brain-penetrating oximes for
reactivation of cholinesterase inhibited by sarin and VX surrogates. Ann N Y
Acad Sci. 2016;1374(1):52–8.

15 Hoffman RS, Mercurio-Zappala M, Bouchard N, Ravikumar P, Goldfrank L.
Preparing for chemical terrorism: a study of the stability of expired
pralidoxime (2-PAM). Disaster Med Public Health Prep. 2012;6(1):20–5.

16 Long-term biomarkers are crucial for reliable verification of exposure to
these internationally banned substances. See Daczkowski C, Pegan S, Harvey
S. Engineering the Organophosphorus Acid Anhydrolase Enzyme for

Increased Catalytic Efficiency and Broadened Stereospecificity on Russian
VX. Biochemistry. 2015; 20;54 (41): 6423–33.

17. Fouad FM, Sparrow A, Tarakji A, et al. Health workers and the weaponisation
of health care in Syria: a preliminary inquiry for The Lancet–American
University of Beirut Commission on Syria. Lancet. 2017. http://www.
thelancet.com/pdfs/journals/lancet/PIIS0140-6736(17)30741-9.pdf; See also
Safeguarding health in conflict coalition. Impunity must end: Attacks on
health in 23 countries in conflict in 2016. 2017. https://www.
safeguardinghealth.org/sites/shcc/files/SHCC2017final.pdf; Elamein M, Bower
H, Valderama C, et al. Attacks against health care in Syria 2015–16: Results
from a real-time reporting tool. Lancet. 8 June 2017. http://www.thelancet.
com/journals/lancet/article/PIIS0140-6736(17)31328-4/fulltext?rss=yes.

18. Colombo S, Pavignani E. Recurrent failings of medical humanitarianism:
intractable, ignored, or just exaggerated? Lancet. 2017.

19. Colombo S, Pavigani E. Recurrent failings of medical humanitarianism:
intractable, ignored, or just exaggerated? Lancet. 2017;390: 2314–24. http://
www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)31277-1/abstract.

20. Protocol for the Prohibition of the Use of Asphyxiating, Poisonous or Other
Gases, and of Bacteriological Methods of Warfare. Geneva. 17 June 1925.
https://ihl-databases.icrc.org/ihl/INTRO/280?OpenDocument. Accessed 19
July 2017; See also 1675 Strasbourg Agreement (between France and
Germany); 1874 Brussels Convention (on poison arms); 1899 Hague
conference (poison-gas filled projectiles). Accessed 19 July 2017.

21. Convention on the prohibition of the development, production, stockpiling
and use of chemical weapons and on their destruction. Paris. 13 January
1993. https://www.opcw.org/chemical-weapons-convention/articles/article-
i-general-obligations/. Accessed 20 July 2017.

22. Organisation for the Prohibition of Chemical Weapons (OPCW). The
chemical weapons ban: facts and figures. https://www.opcw.org/news-
publications/publications/facts-and-figures/. Accessed 18 Apr 2017.

23. See Framework for Elimination of Syrian Chemical Weapons. Geneva. 14
September 2013. Between the Russian Federation and the United States of
America (S/2013/565) http://undocs.org/S/2013/565

24. Organisation for the Prohibition of Chemical Weapons (OPCW). OPCW Fact
Finding Mission: ‘Compelling Confirmation’ That Chlorine Gas Used as
Weapon in Syria. 10 September 2014 https://www.opcw.org/news/article/
opcw-fact-finding-mission-compelling-confirmation-that-chlorine-gas-used-
as-weapon-in-syria/ .See also UN Chief Submits Report Related to Use of
Chemical Weapons in Syria to the Security Council. UN News Service. 24
August 2016. http://www.un.org/apps/news/story.asp?NewsID=54752#.
WPZIU1PyvBK. Accessed 20 Apr 2017.

25. International Coalition for the Responsibility to Protect. An Introduction to the
Responsibility to Protect. http://www.responsibilitytoprotect.org/index.php/
about-rtop. Accessed 14 September 2017; On the debate over the application
of R2P to Syria, see Adams S. Failure to Protect: Syria and the UN Security
Council. Global Centre for the Responsibility to Protect. Occasional Paper Series
No. 5. March 2015. http://www.globalr2p.org/media/files/syriapaper_final.pdf ;
Syria and the problem of 'responsibility to protect.' The Guardian. 27 August
2013. https://www.theguardian.com/world/2013/aug/27/syria-problem-
responsibility-to-protect ; The Crisis in Syria. International Coalition for the
Responsibility to Protect. http://responsibilitytoprotect.org/index.php/crises/
crisis-in-syria . Accessed 14 September 2017; Gottlieb S. Syria and the Demise
of the Responsibility to Protect. The National Interest. 5 November 2013.
http://nationalinterest.org/commentary/syria-the-demise-the-responsibility-
protect-9360. Accessed 14 Sept 2017.

26. On alternative mechanisms for enforcement, see Burkle FM. United Nation’s
Charter, Chapter VII, Article 43: Now or Never. Harvard International Review.
Accepted for publication. Fall, 2017.

27. See Burkle FM Jr, Erickson T, von Schreeb J, Kayden S, Redmond A, Chan EY,
Della Corte F, Cranmer H, Otomo Y, Johnson K, Roy N. The solidarity and
health neutrality of physicians in war & Peace. PLoS Curr. 201720:9.

28. Barnard A, Hubbard B, Fisher I. As Atrocities Mount in Syria, Justice Seems Out
of Reach. The New York Times. 15 April 2017. https://www.nytimes.com/2017/
04/15/world/middleeast/syria-bashar-al-assad-evidence.html?mcubz=3.

Brooks et al. Conflict and Health  (2018) 12:12 Page 7 of 7

http://www.ohchr.org/Documents/HRBodies/HRCouncil/CoISyria/A_HRC_36_55_EN.docx
http://www.ohchr.org/Documents/HRBodies/HRCouncil/CoISyria/A_HRC_36_55_EN.docx
https://www.opcw.org/news/article/opcw-fact-finding-mission-confirms-use-of-chemical-weapons-in-khan-shaykhun-on-4-april-2017/
https://www.opcw.org/news/article/opcw-fact-finding-mission-confirms-use-of-chemical-weapons-in-khan-shaykhun-on-4-april-2017/
https://www.opcw.org/news/article/opcw-fact-finding-mission-confirms-use-of-chemical-weapons-in-khan-shaykhun-on-4-april-2017/
http://www.reuters.com/article/us-syria-crisis-chemical-attacks-timelin-idUSBRE97L0RI20130822
http://www.reuters.com/article/us-syria-crisis-chemical-attacks-timelin-idUSBRE97L0RI20130822
http://www.reuters.com/article/us-syria-crisis-chemical-attacks-timelin-idUSBRE97L0RI20130822
http://www.reuters.com/article/us-syria-crisis-chemical-idUSBRE92I0A220130319
http://www.reuters.com/article/us-syria-crisis-chemical-idUSBRE92I0A220130319
http://www.bbc.com/news/world-middle-east-22557347
http://www.bbc.com/news/world-middle-east-22557347
https://www.hrw.org/report/2013/09/10/attacks-ghouta/analysis-alleged-use-chemical-weapons-syria
https://www.hrw.org/report/2013/09/10/attacks-ghouta/analysis-alleged-use-chemical-weapons-syria
https://www.hrw.org/report/2013/09/10/attacks-ghouta/analysis-alleged-use-chemical-weapons-syria
https://www.theguardian.com/world/2013/aug/21/syria-conflcit-chemical-weapons-hundreds-killed
https://www.theguardian.com/world/2013/aug/21/syria-conflcit-chemical-weapons-hundreds-killed
https://www.theguardian.com/world/2013/aug/21/syria-conflcit-chemical-weapons-hundreds-killed
http://www.ohchr.org/Documents/HRBodies/HRCouncil/CoISyria/A_HRC_36_55_EN.docx
http://www.ohchr.org/Documents/HRBodies/HRCouncil/CoISyria/A_HRC_36_55_EN.docx
http://www.ohchr.org/EN/HRBodies/HRC/RegularSessions/Session25/Documents/A-HRC-25-65_en.doc
http://www.ohchr.org/EN/HRBodies/HRC/RegularSessions/Session25/Documents/A-HRC-25-65_en.doc
http://www.ohchr.org/EN/HRBodies/HRC/RegularSessions/Session25/Documents/A-HRC-25-65_en.doc
https://www.nytimes.com/2017/04/04/world/middleeast/syria-gas-attack.html
https://www.nytimes.com/2017/04/04/world/middleeast/syria-gas-attack.html
https://www.irinnews.org/analysis/2017/04/03/illegal-weapons-global-guide
https://www.irinnews.org/analysis/2017/04/03/illegal-weapons-global-guide
http://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(17)30741-9.pdf
http://www.thelancet.com/pdfs/journals/lancet/PIIS0140-6736(17)30741-9.pdf
https://www.safeguardinghealth.org/sites/shcc/files/SHCC2017final.pdf
https://www.safeguardinghealth.org/sites/shcc/files/SHCC2017final.pdf
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)31328-4/fulltext?rss=yes
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)31328-4/fulltext?rss=yes
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)31277-1/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)31277-1/abstract
https://ihl-databases.icrc.org/ihl/INTRO/280?OpenDocument
https://www.opcw.org/chemical-weapons-convention/articles/article-i-general-obligations/
https://www.opcw.org/chemical-weapons-convention/articles/article-i-general-obligations/
https://www.opcw.org/news-publications/publications/facts-and-figures/
https://www.opcw.org/news-publications/publications/facts-and-figures/
http://undocs.org/S/2013/565
https://www.opcw.org/news/article/opcw-fact-finding-mission-compelling-confirmation-that-chlorine-gas-used-as-weapon-in-syria/
https://www.opcw.org/news/article/opcw-fact-finding-mission-compelling-confirmation-that-chlorine-gas-used-as-weapon-in-syria/
https://www.opcw.org/news/article/opcw-fact-finding-mission-compelling-confirmation-that-chlorine-gas-used-as-weapon-in-syria/
http://www.un.org/apps/news/story.asp?NewsID=54752#.WPZIU1PyvBK
http://www.un.org/apps/news/story.asp?NewsID=54752#.WPZIU1PyvBK
http://www.responsibilitytoprotect.org/index.php/about-rtop
http://www.responsibilitytoprotect.org/index.php/about-rtop
http://www.globalr2p.org/media/files/syriapaper_final.pdf
https://www.theguardian.com/world/2013/aug/27/syria-problem-responsibility-to-protect
https://www.theguardian.com/world/2013/aug/27/syria-problem-responsibility-to-protect
http://responsibilitytoprotect.org/index.php/crises/crisis-in-syria
http://responsibilitytoprotect.org/index.php/crises/crisis-in-syria
http://nationalinterest.org/commentary/syria-the-demise-the-responsibility-protect-9360
http://nationalinterest.org/commentary/syria-the-demise-the-responsibility-protect-9360
https://www.nytimes.com/2017/04/15/world/middleeast/syria-bashar-al-assad-evidence.html?mcubz=3
https://www.nytimes.com/2017/04/15/world/middleeast/syria-bashar-al-assad-evidence.html?mcubz=3

	Abstract
	Background
	Main Body
	Conclusion

	Background
	History of chemical warfare in Syria and elsewhere
	Health and medical impacts of sarin gas and other nerve agents
	Response and treatment

	Strict prohibition of chemical weapons under international law
	Syrian chemical weapons disarmament

	Enforcement
	Condemnation
	OPCW enforcement powers
	Sanctions
	The responsibility to protect
	Health & humanitarian consequences

	Accountability
	Independent Mechanism to prepare future prosecutions
	International Criminal Court (ICC)
	Establishment of an ad hoc tribunal
	Domestic prosecutions of international crimes

	Conclusion and recommendations
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

