
1

C H A P T E R

201
Pesticides
Shaun Greene 

REFERENCES
 1. https://www.epa.gov/enforcement/federal-insecticide-fungicide-and-rodenticide-act-

fifra-and-federal-facilities. (Environmental Protection Agency: Federal Insecticide, 
Fungicide, and Rodenticide Act [FIFRA] and Federal Facilities.) Accessed May 14, 2018.

 2. Mew EJ, Padmanathan P, Koradsen F, et al: The global burden of fatal self-poisoning with 
pesticides 2006-15. Systematic review. J Affect Disord 19: 219, 2017. [PMID: 28535450]

 3. Dawson AH, Eddlestomn M, Senarathna L, et al: Acute human lethal toxicity of 
 agricultural pesticides: a prospective cohort study. PLoS Med 7: e1000357, 2010. [PMID: 
21048990]

 4. Gummin DD, Mowry JB, Spyker DA, Brooks DE, Fraser MO, Banner W: 2016 Annual 
Report of the American Association of Poison Control Centers’ National Poison Data 
System (NPDS): 34th annual report. Clin Toxicol 55: 1072, 2017. [PMID: 29185815]

 5. Phillips MR, Cheng HG: The changing global face of suicide. Lancet 379: 2318, 2012. 
[PMID: 22726503]

 6. Dharmani C, Jaga K: Epidemiology of acute organophosphate poisoning in hospital 
emergency room patients. Rev Environ Health 20: 215, 2005. [PMID: 16335577]

 7. Eddleston M,  Street JM,  Self I,   et al: A role for solvents in the toxicity of agricultural 
organophosphorus pesticides. Toxicology 294: 94, 2012. [PMID:22365945]

 8. Eddleston M, Buckley NA, Eyer P, Dawson AH: Management of acute organophospho-
rus pesticide poisoning. Lancet 371: 597, 2008. [PMID: 17706760]

 9. Eddleston M, Eyer P, Worek F, et al: Differences between organophosphorus insecticides in 
human self-poisoning: a prospective cohort study. Lancet 366: 1452, 2005. [PMID: 16243090]

 10. Vale A, Lotti M: Organophosphorus and carbamate insecticide poisoning. Handb Clin 
Neurol 131: 149, 2015. [PMID:26563788]

 11. Askan S, Cakir Z, Emet M, et al: Acute abdomen associated with organophosphate 
 poisoning. J Emerg Med 41: 507, 2011. [PMID: 20850255]

 12. Cha YS,  Kim H,  Go J,   et al: Features of myocardial injury in severe organophosphate 
poisoning. Clin Toxicol  52: 873, 2014. [PMID: 25116419]

 13. Ross SM, McManus IC, Harrison V, Mason O: Neurobehavioral problems following 
 low-level exposure to organophosphate pesticides: a systematic and meta-analytic 
review. Crit Rev Toxicol 43: 21, 2013. [PMID: 23163581]

 14. Indira M, Andrews MA, Rakesh TP: Incidence, predictors, and outcome of intermediate 
syndrome in cholinergic insecticide poisoning: a prospective observational cohort study. 
Clin Toxicol (Phila) 51: 838, 2013. [PMID: 24047461]

 15. Karami-Mohajeri S, Nikfar S, Abdollahi M: A systematic review on the nerve-muscle 
electrophysiology in human organophosphorus pesticide exposure. Hum Exp Toxicol 33: 
92, 2014. [PMID: 23703814]

 16. Boostani R, Mellat A, Afshari R, et al: Delayed polyneuropathy in farm sprayers due to 
chronic low dose pesticide exposure. Iran Red Crescent Med J 16: e5072, 2014. [PMID: 
25031861]

 17. Nogué Xarau S, Alarcón Romay M, Martínez JM, et al: Multiple chemical sensitivity: 
epidemiological, clinical and prognostic differences between occupational and 
 non-occupational cases. Med Clin (Barc) 135: 52, 2010. [PMID: 20303541]

 18. John H, van der Schans MJ, Koller M, et al: Fatal sarin poisoning in Syria 2013: forensic 
verification within an international laboratory network. Forensic Toxicol 36: 61, 2018. 
[PMID: 29367863]

 19. Vale A: Organophosphorus insecticide poisoning. BMJ Clin Evid pii: 2102, 2015.
 20. Little M, Murray L: Consensus statement: risk of nosocomial organophosphate poison-

ing in emergency departments. Emerg Med Australas 16: 456, 2004. [PMID: 15537409]
 21. Senthikumaran S, SathyaPrabhu K, Balamurugan N, Thirumalaikolundusubramanian P: 

Deadly drop: cholinergic syndrome from wearing a laundered uniform. Pediatric Emerg 
Care 28: 57, 2012. [PMID: 222178890]

 22. Konickx LA, Bingham K, Eddleston M: Is oxygen required before atropine administra-
tion in organophosphorus or carbamate pesticide poisoning? A cohort study. Clin Toxicol 
(Phila) 52: 531, 2014. [PMID: 24810796]

 23. Li Y, Tse ML, Gawarammana I, et al: Systematic review of controlled clinical trials of 
gastric lavage in acute organophosphorus pesticide poisoning. Clin Toxicol (Phila) 47: 
179, 2009. [PMID: 18988062]

 24. Eddleston M, Juszczak E, Buckley NA, et al: Multiple-dose activated charcoal in acute 
self-poisoning: a randomised controlled trial. Lancet 371: 57, 2008. [PMID: 18280328]

 25. Eddleston M, Chowdhury FR: Pharmacological treatment of organophosphorus insecti-
cide poisoning: the old and the (possible) new. Br J Clin Pharmacol 81: 462, 2016. [PMID: 
26366467]

 26. Connors NJ, Harnett ZH, Hoffman RS: Comparison of current recommended regimens 
of atropinization in organophosphate poisoning. J Med Toxicol 10: 143, 2014. [PMID: 
23900961]

 27. Abedin MJ, Sayeed AA, Basher A, Maude RJ, Hoque G, Faiz MA: Open-label  randomized 
clinical trial of atropine bolus injection versus incremental boluses plus infusion for 
organophosphate poisoning in Bangladesh. J Med Toxicol 8: 108, 2012. [PMID: 
22351300]

 28. Eddleston M: Are oximes still indicated for acute organophosphorus insecticide 
 poisoning? J Med Toxicol 14: 1; 2018. [PMID: 29388062]

 29. Buckley NA, Eddleston M, Li Y, Bevan M, Robertson J: Oximes for acute organophos-
phate poisoning. Cochrane Database Syst Rev 2: CD005085, 2011. [PMID: 21328273]

 30. Blumenberg A, Benabbas R, deSouza IS, et al: Utility of 2-pyridine aldoxime methyl 
chloride (2-PAM) for acute organophosphate poisoning: a systematic review. J Med 
Toxicol 14: 91, 2018. [PMID: 29230717]

 31. Brvar M, Chan MY, Dawson AH, Ribcheter RR, Eddleston M: Magnesium sulfate and 
calcium channel blocking drugs as antidotes for acute organophosphorus insecticide 
poisoning: a systematic review and meta-analysis. Clin Toxicol 20: 1, 2018.

 32. Waseem M, Perry C, Bomann S, Pai M, Gernsheimer J: Cholinergic crisis after rodenti-
cide poisoning. West J Emerg Med 11: 524, 2010. [PMID: 2193782]

 33. Mercurio-Zappala M, Hack J, Salvador A, Hoffman RS: Carbaryl poisoning: 2-PAM or 
not 2-PAM. J Toxicol Clin Toxicol 5: 428, 1998. [PMID: 17370870]

 34. Moon JM, Chun BJ, Lee BK: Glasgow coma scale score in the prognosis of acute carba-
mate insecticide intoxication. Clin Toxicol (Phila) 50: 832, 2012. [PMID: 22995033]

 35. Lee BK, Jeung KW, Lee HY, Jung YH: Mortality rate and pattern following carbamate 
methomyl poisoning. Comparison with organophosphate poisoning of comparable 
 toxicity. Clin Toxicol (Phila) 49: 828, 2011. [PMID: 21981724]

 36. Nolan K, Kamrath J, Levitt J: Lindane toxicity: a comprehensive review of the medical 
literature. Pediatr Dermatol 29: 141, 2012. [PMID: 21995612]

 37. Lohani S, Pant P, Vohra R, et al: Abstract 146: status epilepticus after acute endosulfan 
poisoning: a study of 25 cases. Clin Toxicol 50: 574, 2012.

 38. Moses V, Peter JV: Acute intentional toxicity: endosulfan and other organochlorines. Clin 
Toxicol (Phila) 48: 539, 2010. [PMID: 20572757]

 39. Moon JM, Chun BJ, Lee SD: In-hospital outcomes and delayed neurologic sequelae of 
seizure-related endosulfan poisoning. Seizure 51: 43, 2017. [PMID: 28787683]

 40. Tharaknath VR, Prabhakar YV, Kumar KS, Babu NK: Clinical and radiologic findings in 
chlorfenapyr poisoning. Ann Indian Acad Neurol 16: 252, 2013. [PMID: 23956576]

 41. Proudfoot AT: Poisoning due to pyrethrins. Toxicol Rev 24: 107, 2005. [PMID: 16180930]
 42. Soderlund DM: Molecular mechanisms of pyrethroid insecticide neurotoxicity: recent 

advances. Arch Toxicol 86: 165, 2012. [PMID: 21710279]
 43. Hudson NL, Kasner EJ, Beckman J, et al: Characteristics and magnitude of acute 

 pesticide-related illness and injuries associated with pyrethrin and pyrethroid exposures: 
11 states, 2000-2008. Am J Ind Med 57: 15, 2014. [PMID: 23788228]

 44. Giampreti A, Lampati L, Chidini G, et al: Recurrent tonic-clonic seizures and coma due 
to ingestion of type 1 pyrethroids in a 19-mointh-old patient. Clin Toxicol (Phila) 61: 497, 
2013. [PMID: 23768029]

 45. Mohamed F, Gawarammana I, Robertson TA, et al: Acute human self-poisoning with 
imidacloprid compound: a neonicotinoid insecticide. PLoS One 4: e5127, 2009. [PMID: 
19352499]

 46. Lin PC, Lin HJ, Liao YY, Guo HR, Chen KT: Acute poisoning with neonicotinoid insec-
ticides: a case report and literature review. Basic Clin Pharmacol Toxicol 112: 282, 2013. 
[PMID: 23078648]

 47. Imamura T, Yanagawa Y, Nishikawa K, Matsumoto N, Sakamoto T: Two cases of acute 
poisoning with acetamiprid in humans. Clin Toxicol (Phila) 48: 851, 2010. [PMID: 
20969506]

 48. Kurisaki E, Kato N, Ishida T, et al: Fatal human poisoning with Padan: a cartap- 
containing pesticide. Clin Toxicol (Phila) 48: 153, 2010. [PMID: 20055633]

 49. Kumar AS, Amalnath D, Dutta TK: Cartap poisoning: a rare case report. Indian J Crit 
Care Med 15: 233, 2011. [PMID: 22346036]

 50. Boorugu HK, Chrispal A: Cartap hydrochloride poisoning: a clinical experience. Indian 
J Crit Care Med 16: 58, 2012. [PMID: 22557838]

 51. Veale DJ, Wium CA, Muller GJ: Amitraz poisoning in South Africa: a two year survey 
(2008-2009). Clin Toxicol (Phila) 49: 40, 2011. [PMID: 21288150]

 52. Sweta A, Srivastava U, Agarwall A: Amitraz: an unfamiliar poisoning with familiar 
 pesticide. J Anaesthesiol Clin Pharmacol 29: 420, 2013. [PMID: 24106388]

 53. Bradberry SM, Proudfoot AT, Vale JA: Poisoning due to chlorophenoxy herbicides. 
 Toxicol Rev 23: 65, 2004. [PMID: 15578861]

 54. Berling I, Buckley NA, Mostafa A, et al: 2-Methyl-4-chlorophenoxyacetic acid and 
 bromoxynil herbicide death. Clin Toxicol 53: 486, 2015. [PMID: 25849311]

 55. Roberts DM, Buckley NA: Urinary alkalinisation for acute chlorophenoxy herbicide 
poisoning. Cochrane Database Syst Rev 1: CD005488, 2007. [PMID: 17253558]

 56. Dinis-Oliveira RJ, Duarte JA, Sánchez-Navarro A, et al: Paraquat poisonings:  mechanisms 
of lung toxicity, clinical features, and treatment. Crit Rev Toxicol 38: 13, 2008. [PMID: 
18161502]

 57. Gawarammana IB, Buckley NA: Medical management of paraquat ingestion. Br J Clin 
Pharmacol 72: 645, 2011. [PMID: 21615775]

 58. Wilks MF, Tomenson JA, Fernando R, et al: Formulation changes and time trends in 
outcome following paraquat ingestion in Sri Lanka. Clin Toxicol 49: 21, 2011. [PMID: 
21288148]

 59. Kim JH, Gil HW, Yang JO, et al: Serum uric acid level as a marker for mortality and acute 
kidney injury in patients with acute paraquat intoxication. Nephrol Dial Transplant 26: 
1846, 2011. [PMID: 20966188]

 60. Gawarammana IB, Dawson AH: Peripheral burning sensation: a novel clinical marker of 
poor prognosis and higher plasma-paraquat concentrations in paraquat poisoning. Clin 
Toxicol 48: 347, 2010. [PMID: 20507246]

 61. Mohamed F, Buckley NA, Jayamanne S, et al: Kidney damage biomarkers detect acute 
kidney injury but only functional markers predict mortality after paraquat ingestion. 
Toxicol Lett 237: 140, 2015. [PMID: 26071311]

 62. Liu XW, Ma T, Qu B, Ji Y, Liu Z: Prognostic value of initial arterial lactate and lactate 
metabolic clearance rate in patients with acute paraquat poisoning. Am J Emerg Med 31: 
1230, 2013. [PMID: 23706581]

Tintinalli_Ch201_References.indd   1 26/07/19   5:28 PM



2   SECTION 15: Toxicology

 63. Jiang Z, Xu SY, Cao Y, et al: [Prognostic significance of serum lactic acid in evaluation of 
acute paraquat poisoning patients]. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue 25: 519, 2013. 
[PMID: 24059415]

 64. Lee Y, Lee JH, Seong AJ, et al: Arterial lactate as a predictor of mortality in emergency 
department patients with paraquat intoxication. Clin Toxicol 50: 52, 2012. [PMID: 
22175790]

 65. Senarathna L, Eddleston M, Wilks MF, et al: Prediction of outcome after paraquat 
 poisoning by measurement of the plasma paraquat concentration. QJM 102: 251, 2009. 
[PMID: 19228776]

 66. Koo JR, Yoon JW, Han SJ, et al: Rapid analysis of plasma paraquat using sodium dithion-
ite as a predictor of outcome in acute paraquat poisoning. Am J Med Sci 338: 373, 2009. 
[PMID: 19826241]

 67. Kuan CM, Lin ST, Yen TH, et al: Paper-based diagnostic devices for clinical paraquat 
poisoning diagnosis. Biomicrofluidics 10: 034118, 2016. [PMID: 27462379]

 68. Rao R, Bhat R, Pathadka S, et al: Golden hours in severe paraquat poisoning: the role of 
early haemoperfusion therapy. J Clin Diagn Res 11: OC06, 2017. [PMID: 28384906]

 69. Wang HR, Pan J, Shang AD, Lu YQ: Time-dependent haemoperfusion after acute 
 paraquat poisoning. Sci Rep 7: 2239, 2017. [PMID: 28533543]

 70. Li A, Li W, Hao F, Wang H: Early stage blood purification for paraquat poisoning: a 
multicenter retrospective study. Blood Purif 42: 93, 2016. [PMID: 27189189]

 71. Park S, Lee S, Park S, et al: Concurrent hemoperfusion and hemodialysis in patients with 
acute pesticide intoxication. Blood Purif 42: 329, 2016. [PMID: 27771705]

 72. Lin G, Long J, Luo Y, et al: Continuous venovenous hemofiltration in the management of 
paraquat poisoning: a meta-analysis of randomized controlled trials. Medicine 96: e6875, 
2017. [PMID: 28514303]

 73. Gawarammana I, Buckley NA, Mohamed F, et al: High-dose immunosuppression to 
prevent death after paraquat self-poisoning: a randomised controlled trial. Clin Toxicol 
56: 633, 2018. [PMID: 29098875]

 74. Li LR, Sydenham E, Chaudhary B, et al: Glucocorticoid with cyclophosphamide for 
paraquat-induced lung fibrosis. Cochrane Database Syst Rev 1: CD008084, 2014. [PMID: 
25099931]

 75. Wu WP, Lai MN, Lin CH, et al: Addition of immunosuppressive treatment to hemoper-
fusion is associated with improved survival after paraquat poisoning: a nationwide study. 
PLoS One 9: e87568, 2014. [PMID: 24475310]

 76. Yeh ST, Guo HR, Su YS, et al: Protective effects of N-acetylcysteine treatment post acute 
paraquat intoxication in rats and in human lung epithelial cells. Toxicology 223: 181, 
2006. [PMID: 16713667]

 77. Watt BE, Proudfoot AT, Bradberry SM, Vale JA: Poisoning due to urea herbicides. Toxicol 
Rev 24: 161, 2005. [PMID: 16390217]

 78. Bradberry SM, Proudfoot AT, Vale JA: Glyphosate poisoning. Toxicol Rev 23: 159, 2004. 
[PMID: 15862083]

 79. Roberts DM, Buckley NA, Mohamed F, et al: A prospective observational study of the 
clinical toxicology of glyphosate-containing herbicides in adults with acute self- 
poisoning. Clin Toxicol (Phila) 48: 129, 2010. [PMID: 20136481]

 80. Garlich FM, Goldman M, Pepe J, et al: Hemodialysis clearance of glyphosate following a 
life-threatening ingestion of glyphosate-surfactant herbicide. Clin Toxicol (Phila) 52: 66, 
2014. [PMID: 24400933]

 81. Proudfoot AT, Bradberry SM, Vale JA: Sodium fluoroacetate poisoning. Toxicol Rev 25: 
213, 2006. [PMID: 17288493]

 82. Zhang Y, Su M, Tian DP: Tetramine poisoning: a case report and review of the literature. 
Forensic Sci Int 204: e24, 2011. [PMID: 20678875]

 83. Riyaz R, Pandalai SL, Schwartz M, Kazzi ZN: A fatal case of thallium toxicity: challenges 
in management. J Med Toxicol 9: 75, 2013. [PMID: 22865288]

 84. Gurjar M, Baronia AK, Azim A, Sharma K: Managing aluminum phosphide poisonings. 
J Emerg Trauma Shock 4: 378, 2011. [PMID: 21887030]

 85. Moghadamnia AA: An update on toxicology of aluminum phosphide. Daru 20: 25, 2012. 
[PMID: 23351193]

 86. Tehrani H, Halvaie Z, Shadnia S, Soltaninejad K, Abdollahi M: Protective effects of 
N-acetylcysteine on aluminum phosphide-induced oxidative stress in acute human 
 poisoning. Clin Toxicol (Phila) 51: 23, 2013. [PMID: 23148565]

 87. Watt BE, Proudfoot AT, Bradberry SM, Vale JA: Anticoagulant rodenticides. Toxicol Rev 
24: 259, 2005. [PMID: 16499407]

 88. Gunja N, Coggins A, Bidny S: Management of intentional superwarfarin poisoning with 
long-term vitamin K and brodifacoum levels. Clin Toxicol (Phila) 49: 385, 2011. [PMID: 
21740137]

 89. Ingels M, Lai C, Tai W, et al: A prospective study of acute, unintentional, pediatric 
 super-warfarin ingestions managed without decontamination. Ann Emerg Med 40: 73, 
2002. [PMID: 12085076]

 90. Spahr JE, Maul JS, Rodgers GM: Superwarfarin poisoning: a report of two cases and 
review of the literature. Am J Hematol 82: 656, 2007. [PMID: 17022046]

 91. Xiang L, Min A, Alan Z, Yaohui W: Retrospective study of twenty-four patients with 
prolonged coagulopathy due to long-acting anti-vitamin K rodenticide poisoning. Am J 
Med Sci 347: 299, 2014. [PMID: 23842204]

Tintinalli_Ch201_References.indd   2 26/07/19   5:28 PM


