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Introduction 
This report presents the bibliographic details of papers identified as being published 
during the period January to March 2017. 
 
The papers were selected because they address research areas that are considered of 
direct relevance to the health and environmental effects of Vanadium. In order to aid 
review, the papers are presented under the following categories; it should be noted 
however, that when considered appropriate, some papers may appear in more than 
one section. 
 
Section 1 – HUMAN EXPOSURE MEASUREMENT AND MODELLING: Papers relating to 
the measurement or modelling of environmental and occupational Vanadium 
exposure; the development of human biomarkers of exposure or effect. 
 
Section 2 - HEALTH EFFECTS: Papers on the influence of Vanadium on health, disease 
and dysfunction; assessment of the influence of genetic and epigenetic factors on 
human susceptibility to the effects of Vanadium; development and implementation of 
new medical approaches to the treatment of excessive Vanadium exposure.  
 
Section 3 – BIOLOGICAL MECHANISMS: Papers on the biochemical and toxicological 
mechanisms underlying the effects of Vanadium. 
 
Section 4 – USES OF VANADIUM: Papers relating to the use of Vanadium in medical 
and dental devices, dietary supplements and as therapeutic agents. 
 
Section 5 – ENVIRONMENTAL EFFECTS in PLANTS and SOIL: Papers relating to the 
effects following environmental exposure to Vanadium that are specific to plants and 
soil. 
 
Section 6 – ENVIRONMENTAL EFFECTS in TERRESTRIAL ORGANISMS: Papers relating 
to the effects following environmental exposure to Vanadium that are specific to 
terrestrial organisms. 
 
Section 7 – ENVIRONMENTAL EFFECTS in AQUATIC ORGANISMS: Papers relating to 
the effects following environmental exposure to Vanadium that are specific to aquatic 
organisms. 
 
Section 8 – MISCELLANEOUS: Other papers considered of general interest or potential 
relevance to the study of the health effects of Vanadium that do not relate to the 
above categories. 
	
	
 



 

 
 

4 

1. HUMAN EXPOSURE MEASUREMENT AND 
MODELLING 

Benson, R., Conerly, O.D., Sander, W., et al. (2017) Human health screening and 
public health significance of contaminants of emerging concern detected in public 
water supplies. Science of the Total Environment, 579: 1643-1648.  

Abstract:  
The source water and treated drinking water from twenty five drinking water treatment 
plants (DWTPs) across the United States were sampled in 2010–2012. Samples were 
analyzed for 247 contaminants using 15 chemical and microbiological methods. Most of 
these contaminants are not regulated currently either in drinking water or in discharges to 
ambient water by the U. S. Environmental Protection Agency (USEPA) or other U.S. 
regulatory agencies. This analysis shows that there is little public health concern for most of 
the contaminants detected in treated water from the 25 DWTPs participating in this study. 
For vanadium, the calculated Margin of Exposure (MOE) was less than the screening MOE in 
two DWTPs. For silicon, the calculated MOE was less than the screening MOE in one DWTP. 
Additional study, for example a national survey may be needed to determine the number of 
people ingesting vanadium and silicon above a level of concern. In addition, the 
concentrations of lithium found in treated water from several DWTPs are within the range 
previous research has suggested to have a human health effect. Additional investigation of 
this issue is necessary. Finally, new toxicological data suggest that exposure to manganese 
at levels in public water supplies may present a public health concern which will require a 
robust assessment of this information. © 2016.  

Blazina, T., Läderach, A., Jones, G.D., et al. (2016) Marine Primary Productivity as 
a Potential Indirect Source of Selenium and Other Trace Elements in Atmospheric 
Deposition. Environmental Science & Technology, 51(1): 108-118.  

Abstract:  
Atmospheric processes play an important role in the supply of the trace element selenium 
(Se) as well as other essential trace elements to terrestrial environments, mainly via wet 
deposition. Here we investigate whether the marine biosphere can be identified as a source 
of Se and of other trace elements in precipitation samples. We used artificial neural network 
(ANN) modeling and other statistical methods to analyze relationships between a high-
resolution atmospheric deposition chemistry time series (March 2007–January 2009) from 
Plynlimon (UK) and exposure of air masses to marine chlorophyll a and to other source 
proxies. Using ANN sensitivity analyses, we found that higher air mass exposure to marine 
productivity leads to higher concentrations of dissolved organic carbon (DOC) in rainfall. 
Furthermore, marine productivity was found to be an important but indirect factor in 
controlling Se as well as vanadium (V), cobalt (Co), nickel (Ni), zinc (Zn), and aluminum 
(Al) concentrations in atmospheric deposition, likely via scavenging by organic compounds 
derived from marine organisms. Marine organisms may thus play an indirect but important 
role in the delivery of trace elements to terrestrial environments and food chains.  

Brokamp, C., Jandarov, R., Rao, M.B., et al. (2017) Exposure assessment models 
for elemental components of particulate matter in an urban environment: A 
comparison of regression and random forest approaches. Atmospheric 
Environment, 151: 1-11. Available at: http://colebrokamp-
website.s3.amazonaws.com/publications/Brokamp_AtmosEnv_2017.pdf 

Abstract:  
Exposure assessment for elemental components of particulate matter (PM) using land use 
modeling is a complex problem due to the high spatial and temporal variations in pollutant 
concentrations at the local scale. Land use regression (LUR) models may fail to capture 
complex interactions and non-linear relationships between pollutant concentrations and land 
use variables. The increasing availability of big spatial data and machine learning methods 
present an opportunity for improvement in PM exposure assessment models. In this 
manuscript, our objective was to develop a novel land use random forest (LURF) model and 
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compare its accuracy and precision to a LUR model for elemental components of PM in the 
urban city of Cincinnati, Ohio. PM smaller than 2.5 µm (PM2.5) and eleven elemental 
components were measured at 24 sampling stations from the Cincinnati Childhood Allergy 
and Air Pollution Study (CCAAPS). Over 50 different predictors associated with 
transportation, physical features, community socioeconomic characteristics, greenspace, 
land cover, and emission point sources were used to construct LUR and LURF models. Cross 
validation was used to quantify and compare model performance. LURF and LUR models 
were created for aluminum (Al), copper (Cu), iron (Fe), potassium (K), manganese (Mn), 
nickel (Ni), lead (Pb), sulfur (S), silicon (Si), vanadium (V), zinc (Zn), and total PM2.5 in the 
CCAAPS study area. LURF utilized a more diverse and greater number of predictors than LUR 
and LURF models for Al, K, Mn, Pb, Si, Zn, TRAP, and PM2.5 all showed a decrease in 
fractional predictive error of at least 5% compared to their LUR models. LURF models for Al, 
Cu, Fe, K, Mn, Pb, Si, Zn, TRAP, and PM2.5 all had a cross validated fractional predictive 
error less than 30%. Furthermore, LUR models showed a differential exposure assessment 
bias and had a higher prediction error variance. Random forest and other machine learning 
methods may provide more accurate exposure assessment. © 2016 Elsevier Ltd.  

Day, P.L., Eckdahl, S.J., Maleszewski, J.J., et al. (2017) Establishing Human Heart 
Chromium, Cobalt and Vanadium Concentrations by Inductively Coupled Plasma 
Mass Spectrometry. Journal of Trace Elements in Medicine and Biology, 41: 60-65.  

Abstract:  
Objective: Chromium, cobalt, and vanadium are used in metallic joint prosthesis. Case 
studies have associated elevated heart tissue cobalt concentrations with myocardial injury. 
To document the long term heart metal ion concentrations, a validated inductively coupled 
plasma mass spectroscopy (ICP-MS) method was needed. Method: The method utilized a 
closed-vessel microwave digestion system to digest the samples. An ICP-MS method utilizing 
Universal Cell Technology was used to determine our target analyte concentrations. 
Accuracy was verified using reference materials. Precision, sensitivity, recovery and linearity 
studies were performed. This method was used to establish a reference range for a non-
implant containing cohort of 80 autopsy human heart tissues Results: This method 
demonstrated an analytic measurement range of 0.5 to 100 ng/mL for each element. 
Accuracy was within +/−10% of target value for each element. Within-run precision for each 
element was below 20% CV. The chromium, vanadium and cobalt concentrations (mean 
+/−SD) were 0.1523 +-/0.2157 µg/g, 0.0094+/− 0.0211 µg/g and 0.1039 +/−0.1305 µg/g 
respectively in 80 non-implant containing human heart tissue samples. Conclusions: This 
method provides acceptable recovery of the chromium, cobalt and vanadium in heart tissue; 
allowing assessment of the effects of metallic joint prosthesis on myocardial health.  

DeWitt, J.C., Buck, B.J., Goossens, D., et al. (2017) Health effects following 
subacute exposure to geogenic dust collected from active drainage surfaces (Nellis 
Dunes Recreation Area, Las Vegas, NV). Toxicology Reports, 4: 19-31. Available at: 
http://www.sciencedirect.com/science/article/pii/S2214750016300968/pdfft?md5=2c0eaa
12f51b2f91d1599761ca020e13&pid=1-s2.0-S2214750016300968-main.pdf 

Abstract:  
The specific health effects of direct inhalation of fine minerogenic dusts generated by natural 
soil surfaces remain poorly known and relatively little researched. To learn more about this 
exposure and its contribution to human health effects, we surveyed surface sediment and 
characterized dust from the Nellis Dunes Recreation Area (NDRA) in Clark County, Nevada, 
a popular off-road vehicle (ORV) recreational site. Dry drainage systems at NDRA are 
commonly used as natural trail systems for ORV recreation; these surfaces also are 
characterized by high concentrations of heavy metals. Geogenic dust with a median diameter 
of 4.05 µm, collected from drainage surfaces at NDRA contained a total elemental 
concentration of aluminum (79,651 µg/g), vanadium (100 µg/g), chromium (54 µg/g), 
manganese (753 µg/g), iron (33,266 µg/g), cobalt (14 µg/g), copper (37 µg/g) zinc (135 
µg/g), arsenic (71 µg/g), strontium (666 µg/g), cesium (15 µg/g), lead (34 µg/g), and 
uranium (54.9 µg/g). Adult female B6C3F1 mice exposed via oropharyngeal aspiration to 
0.01–100 mg dust/kg body weight, four times, a week apart, for 28-days, were evaluated 
for immuno- and neurotoxicological outcomes 24 h after the last exposure. Antigen-specific 
IgM responses were dose-responsively suppressed at 0.1, 1.0, 10 and 100 mg/kg. Splenic 
lymphocytic subpopulations, hematological and clinical chemistry parameters were affected. 
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In brain tissue, antibodies against NF-68, and GFAP were not affected, whereas IgM 
antibodies against MBP were reduced by 26.6% only in the highest dose group. A lowest 
observed adverse effect level (LOAEL) of 0.1 mg/kg/day and a no observed adverse effect 
level (NOAEL) of 0.01 mg/kg/day were derived based on the antigen primary IgM responses 
after subacute exposure to this geogenic dust. © 2016 The Authors.  

Dong, P., Maneerung, T., Ng, W.C., et al. (2017) Chemically treated carbon black 
waste and its potential applications. Journal of Hazardous Materials, 321: 62-72.  

Abstract:  
In this work, carbon black waste – a hazardous solid residue generated from gasification of 
crude oil bottom in refineries – was successfully used for making an absorbent material. 
However, since the carbon black waste also contains significant amounts of heavy metals 
(especially nickel and vanadium), chemical leaching was first used to remove these 
hazardous impurities from the carbon black waste. Acid leaching with nitric acid was found 
to be a very effective method for removal of both nickel and vanadium from the carbon black 
waste (i.e. up to 95% nickel and 98% vanadium were removed via treatment with 2 M nitric 
acid for 1 h at 20 °C), whereas alkali leaching by using NaOH under the same condition was 
not effective for removal of nickel (less than 10% nickel was removed). Human lung cells 
(MRC-5) were then used to investigate the toxicity of the carbon black waste before and 
after leaching. Cell viability analysis showed that the leachate from the original carbon black 
waste has very high toxicity, whereas the leachate from the treated samples has no 
significant toxicity. Finally, the efficacy of the carbon black waste treated with HNO3 as an 
absorbent for dye removal was investigated. This treated carbon black waste has high 
adsorption capacity (∼361.2 mg dye/g carbonblack), which can be attributed to its high 
specific surface area (∼559 m2/g). The treated carbon black waste with its high adsorption 
capacity and lack of cytotoxicity is a promising adsorbent material. Moreover, the carbon 
black waste was found to show high electrical conductivity (ca. 10 S/cm), making it a 
potentially valuable source of conductive material. © 2016 Elsevier B.V.  

Dore, M.P., Farias, C. & Hamacher, C. (2017) Offshore drilling effects in Brazilian 
SE marine sediments: a meta-analytical approach. Environmental Monitoring and 
Assessment, 189: 44.  

Abstract:  
The exploration and production of oil and gas reserves often result to drill cutting 
accumulations on the seafloor adjacent to drill locations. In this study, the detection of 
drilling influence on marine sediments was performed by meta-analytical comparison 
between data from pre- and post-drilling surveys undertaken in offshore Campos Basin, 
southeast of Brazil. Besides this overall appraisal on the geochemical variables, a 
multivariate assessment, considering only the post-drilling data, was performed. Among the 
variables, fines content, carbonates, total organic carbon, barium, chromium, copper, iron, 
manganese, nickel, lead, vanadium, zinc, and total petroleum hydrocarbons, only barium, 
copper, and hydrocarbons were related to drilling impacts. In relation to the point of 
discharge, relative elevated levels in the post-drilling campaigns were observed 
preferentially up to 500 m in the northeast and southwest directions, associated to the Brazil 
Current-predominant direction. Other distributed concentrations in the surroundings seem 
to indicate the dilution and dispersion of drilling waste promoted by meteoceanographic 
factors. © 2016, Springer International Publishing Switzerland.  

Han, I., Guo, Y., Afshar, M., et al. (2017) Comparison of trace elements in size-
fractionated particles in two communities with contrasting socioeconomic status 
in Houston, TX. Environmental Monitoring and Assessment, 189(2): 67.  

Abstract:  
Levels of ambient air pollutants, including particulate matter (PM), are often higher in low-
socioeconomic status (SES) communities than in high-SES communities. Houston is the 
fourth largest city in the USA and is home to a large petrochemical industry, an active port, 
and congested roadways, which represent significant emission sources of air pollution in the 
region. To compare levels of air pollution between a low-SES and a high-SES community, 
we simultaneously collected a 7-day integrated size-fractionated PM between June 2013 and 
November 2013. We analyzed PM mass and elements for three particle size modes: quasi-
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ultrafine particles (quasi-UFP) (aerodynamic diameter 2.5Â Î¼m). Concentrations of 
vanadium, nickel, manganese, and iron in the quasi-UFP mode were significantly higher in 
the low-SES community than in the high-SES community. In the accumulation and coarse 
modes, concentrations of crustal elements and barium were also significantly higher in the 
low-SES community compared to the high-SES community. These findings suggest that 
people living in the low-SES community may experience higher exposures to some toxic 
elements as compared to people in the high-SES community.  

Kostich, M.S., Flick, R.W., Batt, A.L., et al. (2017) Aquatic concentrations of 
chemical analytes compared to ecotoxicity estimates. Science of the Total 
Environment, 579: 1649-1657.  
Abstract:  
We describe screening level estimates of potential aquatic toxicity posed by 227 chemical 
analytes that were measured in 25 ambient water samples collected as part of a joint 
USGS/USEPA drinking water plant study. Measured concentrations were compared to 
biological effect concentration (EC) estimates, including USEPA aquatic life criteria, effective 
plasma concentrations of pharmaceuticals, published toxicity data summarized in the USEPA 
ECOTOX database, and chemical structure-based predictions. Potential dietary exposures 
were estimated using a generic 3-tiered food web accumulation scenario. For many analytes, 
few or no measured effect data were found, and for some analytes, reporting limits exceeded 
EC estimates, limiting the scope of conclusions. Results suggest occasional occurrence above 
ECs for copper, aluminum, strontium, lead, uranium, and nitrate. Sparse effect data for 
manganese, antimony, and vanadium suggest that these analytes may occur above ECs, 
but additional effect data would be desirable to corroborate EC estimates. These conclusions 
were not affected by bioaccumulation estimates. No organic analyte concentrations were 
found to exceed EC estimates, but ten analytes had concentrations in excess of 1/10th of 
their respective EC: triclocarban, norverapamil, progesterone, atrazine, metolachlor, 
triclosan, para-nonylphenol, ibuprofen, venlafaxine, and amitriptyline, suggesting more 
detailed characterization of these analytes. © 2016.  

Mutlu, E., Cristy, T., Graves, S.W., et al. (2017) Characterization of aqueous 
formulations of tetra- and pentavalent forms of vanadium in support of test article 
selection in toxicology studies. Environmental Science and Pollution Research, 
24(1): 405-416.  

Abstract:  
Tetravalent (VIV) and pentavalent (VV) forms of vanadium were selected for testing by the 
National Toxicology Program via drinking water exposure due to potential human exposure. 
To aid in the test article selection, drinking water formulations (125–2000 mg/L) of vanadyl 
sulfate (VIV), sodium orthovanadate, and sodium metavanadate (VV) were characterized by 
ultraviolet/visible (UV/VIS) spectroscopy, mass spectrometry (MS), or 51V nuclear magnetic 
resonance (NMR) spectroscopy. Aqueous formulations of orthovanadate, metavanadate, and 
vanadyl sulfate in general were basic, neutral, and acidic, respectively. Changes in vanadium 
speciation were investigated by adjusting formulation pH to acidic, neutral, or basic. There 
was no visible difference in UV/VIS spectra of pentavalent forms. NMR and MS analyses 
showed that the predominant oxidovanadate species in both ortho- and metavanadate 
formulations at basic and acidic pH, respectively, were the monomer and decamer, while, a 
mixture of oxidovanadates were present at neutral pH. Oxidovanadate species were not 
observed in vanadyl sulfate formulations at acidic pH but were observed at basic pH 
suggesting conversion of VIV to VV. These data suggest that formulations of both ortho- and 
metavanadate form similar oxidovanadate species in acidic, neutral and basic pH and exist 
mainly in the VV form while vanadyl sulfate exists mainly as VIV in acidic pH. Therefore, the 
formulation stability overtime was investigated only for sodium metavanadate and vanadyl 
sulfate. Drinking water formulations (50 and 2000 mg/L) of metavanadate (~pH 7) and 
vanadyl sulfate (~pH 3.5) were =92 % of target concentration up to 42 days at ~5 °C and 
ambient temperature demonstrating the utility in toxicology studies. © 2016 Springer 

Wang, Y., Shi, L., Lee, M., et al. (2017) Long-term exposure to PM2.5 and mortality 
among older adults in the Southeastern US. Epidemiology, 28(2): 207-214.  

Abstract:  
BACKGROUND: Little is known about what factors modify the effect of long-term exposure 
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to PM2.5 on mortality, in part because in most previous studies certain groups such as rural 
residents and individuals with lower socioeconomic status (SES) are under-represented. 
METHODS: We studied 13.1 million Medicare beneficiaries (age =65) residing in seven 
southeastern US states during 2000–2013 with 95 million person-years of follow-up. We 
predicted annual average of PM2.5 in each zip code tabulation area (ZCTA) using a hybrid 
spatiotemporal model. We fit Cox proportional hazards models to estimate the association 
between long-term PM2.5 and mortality. We tested effect modification by individual-level 
covariates (race, sex, eligibility for both Medicare and Medicaid, and medical history), 
neighborhood-level covariates (urbanicity, percentage below poverty level, lower education, 
median income, and median home value), mean summer temperature, and mass fraction of 
11 PM2.5 components. RESULTS: The hazard ratio (HR) for death was 1.021 (95% 
confidence interval: 1.019–1.022) per one µg m increase in annual PM2.5. The HR decreased 
with age. It was higher among males, non-whites, dual-eligible individuals, and beneficiaries 
with previous hospital admissions. It was higher in neighborhoods with lower SES or higher 
urbanicity. The HR increased with mean summer temperature. The risk associated with 
PM2.5 increased with relative concentration of elemental carbon, vanadium, copper, calcium, 
and iron and decreased with nitrate, organic carbon, and sulfate. CONCLUSIONS: 
Associations between long-term PM2.5 exposure and death were modified by individual-
level, neighborhood-level variables, temperature, and chemical compositions. Copyright © 
2016 Wolters Kluwer Health, Inc. All rights reserved.  

Yang, J., Teng, Y., Wu, J., et al. (2017) Current status and associated human health 
risk of vanadium in soil in China. Chemosphere, 171: 635-643.  

Abstract:  
A detailed assessment of vanadium contamination characteristics in China was conducted 
based on the first national soil pollution survey. The map overlay analysis was used to 
evaluate the contamination level of vanadium and the non-carcinogenic risk assessment 
model was calculated to quantify the vanadium exposure risks to human health. The results 
showed that, due to the drastically increased mining and smelting activities, 26.49% of soils 
were contaminated by vanadium scattered in southwest of China. According to Canadian soil 
quality guidelines, about 8.6% of the national soil pollution survey samples were polluted, 
and pose high non-carcinogenic risks to the public, especially to children living in the vicinity 
of heavily polluted mining areas. We propose the area near the boundary of Yunnan, 
Guizhou, Guangxi, and Sichuan provinces as priority control areas due to their higher 
geochemical background or higher health risks posed to the public. Finally, 
recommendations for management are proposed, including minimization of contaminant 
inputs, establishing stringent monitoring program, using phytoremediation, and 
strengthening the enforcement of relevant laws. Therefore, this study provides a 
comprehensive assessment of soil vanadium contamination in China, and the results will 
provide valuable information for China's soil vanadium management and risk avoidance. © 
2016 Elsevier Ltd 

2. HEALTH EFFECTS 
DeWitt, J.C., Buck, B.J., Goossens, D., et al. (2017) Health effects following 
subacute exposure to geogenic dust collected from active drainage surfaces (Nellis 
Dunes Recreation Area, Las Vegas, NV). Toxicology Reports, 4: 19-31. Available at: 
http://www.sciencedirect.com/science/article/pii/S2214750016300968/pdfft?md5=2c0eaa
12f51b2f91d1599761ca020e13&pid=1-s2.0-S2214750016300968-main.pdf 

Abstract:  
The specific health effects of direct inhalation of fine minerogenic dusts generated by natural 
soil surfaces remain poorly known and relatively little researched. To learn more about this 
exposure and its contribution to human health effects, we surveyed surface sediment and 
characterized dust from the Nellis Dunes Recreation Area (NDRA) in Clark County, Nevada, 
a popular off-road vehicle (ORV) recreational site. Dry drainage systems at NDRA are 
commonly used as natural trail systems for ORV recreation; these surfaces also are 
characterized by high concentrations of heavy metals. Geogenic dust with a median diameter 
of 4.05 µm, collected from drainage surfaces at NDRA contained a total elemental 
concentration of aluminum (79,651 µg/g), vanadium (100 µg/g), chromium (54 µg/g), 
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manganese (753 µg/g), iron (33,266 µg/g), cobalt (14 µg/g), copper (37 µg/g) zinc (135 
µg/g), arsenic (71 µg/g), strontium (666 µg/g), cesium (15 µg/g), lead (34 µg/g), and 
uranium (54.9 µg/g). Adult female B6C3F1 mice exposed via oropharyngeal aspiration to 
0.01–100 mg dust/kg body weight, four times, a week apart, for 28-days, were evaluated 
for immuno- and neurotoxicological outcomes 24 h after the last exposure. Antigen-specific 
IgM responses were dose-responsively suppressed at 0.1, 1.0, 10 and 100 mg/kg. Splenic 
lymphocytic subpopulations, hematological and clinical chemistry parameters were affected. 
In brain tissue, antibodies against NF-68, and GFAP were not affected, whereas IgM 
antibodies against MBP were reduced by 26.6% only in the highest dose group. A lowest 
observed adverse effect level (LOAEL) of 0.1 mg/kg/day and a no observed adverse effect 
level (NOAEL) of 0.01 mg/kg/day were derived based on the antigen primary IgM responses 
after subacute exposure to this geogenic dust. © 2016 The Authors.  

Hudes, G., Karagic, M., Abramian, O., et al. (2016) P345 Systemic contact 
dermatitis resulting from patch testing to vanadium. Annals of Allergy, Asthma & 
Immunology, 117(5): S124. Presented at Annual Scientific Meeting of the American 
College of Allergy, Asthma and Immunology: Oral and Poster Abstracts 10 November 2016 
- 14 November 2016.  

Jiang, P., Ni, Z., Wang, B., et al. (2017) Acute toxicity, twenty-eight days repeated 
dose toxicity and genotoxicity of vanadyl trehalose in kunming mice. Regulatory 
Toxicology and Pharmacology, 85: 86-97.  

Abstract:  
Abstract A new trend has been developed using vanadium and organic ligands to form novel 
compounds in order to improve the beneficial actions and reduce the toxicity of vanadium 
compounds. In present study, vanadyl trehalose was explored the oral acute toxicity, 28 
days repeated dose toxicity and genotoxicity in Kunming mice. The Median Lethal Dose 
(LD50) of vanadyl trehalose was revealed to be 1000 mg/kg body weight in fasted Kunming 
mice. Stomach and intestine were demonstrated to be the main target organs of vanadyl 
trehalose through 28 days repeated dose toxicity study. And vanadyl trehalose also showed 
particular genotoxicity through mouse bone marrow micronucleus and mouse sperm 
malformation assay. In brief, vanadyl trehalose presented certain, but finite toxicity, which 
may provide experimental basis for the clinical application.  

Panchal, S.K., Wanyonyi, S. & Brown, L. (2017) Selenium, Vanadium, and 
Chromium as Micronutrients to Improve Metabolic Syndrome. Current 
Hypertension Reports, 19(3): 10-017-0701-x.  

Abstract:  
Trace metals play an important role in the proper functioning of carbohydrate and lipid 
metabolism. Some of the trace metals are thus essential for maintaining homeostasis, while 
deficiency of these trace metals can cause disorders with metabolic and physiological 
imbalances. This article concentrates on three trace metals (selenium, vanadium, and 
chromium) that may play crucial roles in controlling blood glucose concentrations possibly 
through their insulin-mimetic effects. For these trace metals, the level of evidence available 
for their health effects as supplements is weak. Thus, their potential is not fully exploited 
for the target of metabolic syndrome, a constellation that increases the risk for 
cardiovascular disease and type 2 diabetes. Given that the prevalence of metabolic 
syndrome is increasing throughout the world, a simpler option of interventions with food 
supplemented with well-studied trace metals could serve as an answer to this problem. The 
oxidation state and coordination chemistry play crucial roles in defining the responses to 
these trace metals, so further research is warranted to understand fully their metabolic and 
cardiovascular effects in human metabolic syndrome.  

Rebelein, J.G., Lee, C.C., Hu, Y., et al. (2016) The in vivo hydrocarbon formation by 
vanadium nitrogenase follows a secondary metabolic pathway. Nature 
Communications, 7: 13641. Available at: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5172229/pdf/ncomms13641.pdf 
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Abstract:  
The vanadium (V)-nitrogenase of Azotobacter vinelandii catalyses the in vitro conversion of 
carbon monoxide (CO) to hydrocarbons. Here we show that an A. vinelandii strain expressing 
the V-nitrogenase is capable of in vivo reduction of CO to ethylene (C2H4), ethane (C2H6) 
and propane (C3H8). Moreover, we demonstrate that CO is not used as a carbon source for 
cell growth, being instead reduced to hydrocarbons in a secondary metabolic pathway. These 
findings suggest a possible role of the ancient nitrogenase as an evolutionary link between 
the carbon and nitrogen cycles on Earth and establish a solid foundation for biotechnological 
adaptation of a whole-cell approach to recycling carbon wastes into hydrocarbon products. 
Thus, this study has several repercussions for evolution-, environment- and energy-related 
areas. 

3. BIOLOGICAL MECHANISMS 
Mukherjee, S., Chattopadhyay, M., Bhattacharya, S., et al. (2017) A small 
insulinomimetic molecule also improves insulin sensitivity in diabetic mice. Plos 
One, 12(1). Available at: 
http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0169809&type=print
able 

Abstract:  
Dramatic increase of diabetes over the globe is in tandem with the increase in insulin 
requirement. This is because destruction and dysfunction of pancreatic β-cells are of 
common occurrence in both Type1 diabetes and Type2 diabetes, and insulin injection 
becomes a compulsion. Because of several problems associated with insulin injection, orally 
active insulin mimetic compounds would be ideal substitute. Here we report a small 
molecule, a peroxyvanadate compound i.e. DmpzH[VO(O2)2(dmpz)], henceforth referred 
as dmp, which specifically binds to insulin receptor with considerable affinity (KD-1.17µM) 
thus activating insulin receptor tyrosine kinase and its downstream signaling molecules 
resulting increased uptake of [14C] 2 Deoxy-glucose. Oral administration of dmp to 
streptozotocin treated BALB/c mice lowers blood glucose level and markedly stimulates 
glucose and fatty acid uptake by skeletal muscle and adipose tissue respectively. In db/db 
mice, it greatly improves insulin sensitivity through excess expression of PPARγ and its 
target genes i.e. adiponectin, CD36 and aP2. Study on the underlying mechanism 
demonstrated that excess expression of Wnt3a decreased PPARγ whereas dmp suppression 
of Wnt3a gene increased PPARγ expression which subsequently augmented adiponectin. 
Increased production of adiponectin in db/db mice due to dmp effected lowering of 
circulatory TG and FFA levels, activates AMPK in skeletal muscle and this stimulates 
mitochondrial biogenesis and bioenergetics. Decrease of lipid load along with increased 
mitochondrial activity greatly improves energy homeostasis which has been found to be 
correlated with the increased insulin sensitivity. The results obtained with dmp, therefore, 
strongly indicate that dmp could be a potential candidate for insulin replacement therapy. 
© 2017 Mukherjee et al.  

Scalese, G., Correia, I., Benítez, J., et al. (2017) Evaluation of cellular uptake, 
cytotoxicity and cellular ultrastructural effects of heteroleptic oxidovanadium(IV) 
complexes of salicylaldimines and polypyridyl ligands. Journal of Inorganic 
Biochemistry, 166: 162-172.  

Abstract:  
Searching for prospective vanadium-based drugs for cancer treatment, a new series of 
structurally related [VIVO(L - 2H)(NN)] compounds (1–8) was developed. They include a 
double deprotonated salicylaldimine Schiff base ligand (L-2H) and different NN-polypyridyl 
co-ligands having DNA intercalating capacity. Compounds were characterized in solid state 
and in solution. EPR spectroscopy suggests that the NN ligands act as bidentate and bind 
through both nitrogen donor atoms in an axial-equatorial mode. The cytotoxicity was 
evaluated in human tumoral cells (ovarian A2780, breast MCF7, prostate PC3). The cytotoxic 
activity was dependent on type of cell and incubation time. At 24 h PC3 cells presented low 
sensitivity, but at 72 h all complexes showed high cytotoxic activity in all cells. Human kidney 
HEK293 and ovarian cisplatin resistant A2780cisR cells were also included to evaluate 
selectivity towards cancer cells and potency to overcome cisplatin resistance, respectively. 
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Most complexes showed no detectable interaction with plasmid DNA, except 2 and 7 which 
depicted low ability to induce single strand breaks in supercoiled DNA. Based on the overall 
cytotoxic profile, complexes with 2,2´-bipyridine and 1,10-phenanthroline ligands (1 and 2) 
were selected for further studies, which consisted on cellular distribution and ultrastructural 
analyses. In the A2780 cells both depicted different distribution profiles; the former 
accumulates mostly at the membrane and the latter in the cytoskeleton. Morphology of 
treated cells showed nuclear atypia and membrane alterations, more severe for 1. 
Complexes induce different cell death pathways, predominantly necrosis for 1 and apoptosis 
for 2. Complexes alternative mode of cell death motivates the possibility for further 
developments. © 2016 Elsevier Inc.  

4. USES OF VANADIUM 
Day, P.L., Eckdahl, S.J., Maleszewski, J.J., et al. (2017) Establishing Human Heart 
Chromium, Cobalt and Vanadium Concentrations by Inductively Coupled Plasma 
Mass Spectrometry. Journal of Trace Elements in Medicine and Biology, 41: 60-65.  

Abstract:  
Objective: Chromium, cobalt, and vanadium are used in metallic joint prosthesis. Case 
studies have associated elevated heart tissue cobalt concentrations with myocardial injury. 
To document the long term heart metal ion concentrations, a validated inductively coupled 
plasma mass spectroscopy (ICP-MS) method was needed. Method: The method utilized a 
closed-vessel microwave digestion system to digest the samples. An ICP-MS method utilizing 
Universal Cell Technology was used to determine our target analyte concentrations. 
Accuracy was verified using reference materials. Precision, sensitivity, recovery and linearity 
studies were performed. This method was used to establish a reference range for a non-
implant containing cohort of 80 autopsy human heart tissues Results: This method 
demonstrated an analytic measurement range of 0.5 to 100 ng/mL for each element. 
Accuracy was within +/−10% of target value for each element. Within-run precision for each 
element was below 20% CV. The chromium, vanadium and cobalt concentrations (mean 
+/−SD) were 0.1523 +-/0.2157 µg/g, 0.0094+/− 0.0211 µg/g and 0.1039 +/−0.1305 µg/g 
respectively in 80 non-implant containing human heart tissue samples. Conclusions: This 
method provides acceptable recovery of the chromium, cobalt and vanadium in heart tissue; 
allowing assessment of the effects of metallic joint prosthesis on myocardial health.  

Jiang, P., Ni, Z., Wang, B., et al. (2017) Acute toxicity, twenty-eight days repeated 
dose toxicity and genotoxicity of vanadyl trehalose in kunming mice. Regulatory 
Toxicology and Pharmacology, 85: 86-97.  

Abstract:  
Abstract A new trend has been developed using vanadium and organic ligands to form novel 
compounds in order to improve the beneficial actions and reduce the toxicity of vanadium 
compounds. In present study, vanadyl trehalose was explored the oral acute toxicity, 28 
days repeated dose toxicity and genotoxicity in Kunming mice. The Median Lethal Dose 
(LD50) of vanadyl trehalose was revealed to be 1000 mg/kg body weight in fasted Kunming 
mice. Stomach and intestine were demonstrated to be the main target organs of vanadyl 
trehalose through 28 days repeated dose toxicity study. And vanadyl trehalose also showed 
particular genotoxicity through mouse bone marrow micronucleus and mouse sperm 
malformation assay. In brief, vanadyl trehalose presented certain, but finite toxicity, which 
may provide experimental basis for the clinical application.  

Koleša-Dobravc, T., Maejima, K., Yoshikawa, Y., et al. (2017) Vanadium and zinc 
complexes of 5-cyanopicolinate and pyrazine derivatives: synthesis, structural 
elucidation and in vitro insulino-mimetic activity study. New Journal of Chemistry, 
(41): 735-746. Available at: 
http://pubs.rsc.org/en/content/articlepdf/2017/NJ/C6NJ02961B 

Abstract:  
Vanadium(V) compounds with 5-cyanopicolinato acid (HpicCN), pyrazine-2-carboxylic acid 
(Hprz) and 3-aminopyrazine-2-carboxylic acid (HprzNH2) and zinc compounds with HpicCN 
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in the presence of 4-aminopyridine (4apy), pyridine (py) and 1,10-phenanthroline (phen) 
have been synthesized and characterized. The crystal structures of NH4[VO2(picCN)2] (3), 
NH4[VO2(prz)2] (4), NH4[VO2(przNH2)2]·H2O (5·H2O), [Zn(picCN)2(H2O)2] (6), 
[Zn(picCN)2(4apy)2]·C7H8 (7·C7H8), [Zn(picCN)2(4apy)] (8), [Zn(picCN)2(py)2] (9) and 
[Zn(picCN)2(phen)]·C7H8·2MeOH (10·C7H8·2MeOH) were determined by X-ray 
crystallography. The spatial arrangements of all the vanadium(V) complexes are similar, 
having carboxylate oxygen atoms in a mutual trans orientation. In the zinc bis(5-
cyanopicolinato) complexes three different arrangements were found with trans (6) and 
a cis (7, 9 and 10) octahedral and square-pyramidal (8) geometries. The insulino-mimetic 
activity of selected VO(IV), VO2(V) and Zn(II) complexes was studied by in vitro inhibition 
of the free fatty acid (FFA) release from isolated rat adipocytes treated with epinephrine. All 
metal complexes showed insulino-mimetic activity and among them the VO(IV)–prz 
complex 2 was found to have higher insulino-mimetic activity than the positive control. The 
other vanadium compounds have activities similar to VOSO4. The Zn complexes also 
exhibited some insulino-mimetic activity. Introduction of the N-donor 4apy to the zinc picCN 
complex 8 significantly increased inhibition of FFA release compared to 6.  

León, I.E., Cadavid-Vargas, J.F., Di Virgilio, A.L., et al. (2016) Vanadium, 
Ruthenium and Copper compounds: a new class of non-platinum metallodrugs with 
anticancer activity. Current Medicinal Chemistry, 24(2): 112-148.  

Abstract:  
Cancer is a group of diseases involving abnormal cell growth. The cells grow uncontrollably 
with the potential to invade and spread to other parts of the body. This disease is one of the 
principal death causes in the world, thus becoming a significant topic of scientific research. 
On the other hand, transition metals play a fundamental role in different living systems. In 
particular, Metallodrugs represent constitute new and powerful tools for diverse therapeutic 
applications. To date, various metallodrugs display interesting biological activities for 
chemotherapy. In this field, cisplatin was the first inorganic compound with high relevance 
in cancer treatment. This compound was a leader agent in clinical use. Toxicity and 
resistance problems trigger the development of other platinum drugs with better clinical 
perspective and also raise the scientific interest for the putative antitumor properties of V, 
Ru and Cu compounds. Several scientific articles show that complexes of these metals are 
the new metal-based drugs used in the treatment of several cancers, such us, lung, colon, 
breast, bladder, etc. In this review we recapitulate current information and new advances 
on antitumor in vitro effects of several organic and inorganic compounds derived from 
copper, ruthenium and vanadium. These metal derived compounds targeting DNA or cell 
proteins involved in cell signaling pathways related to cancer. The mechanisms of cell death 
of these metallodrugs have also been comprehensibly reviewed. The knowledge of these 
mechanisms of death and the relationship between chemical structure and biological activity 
may be useful for the design of new metal-based drugs with promising pharmacologic 
applications as anticancer agents.  

Mukherjee, S., Chattopadhyay, M., Bhattacharya, S., et al. (2017) A small 
insulinomimetic molecule also improves insulin sensitivity in diabetic mice. Plos 
One, 12(1). Available at: 
http://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0169809&type=print
able 

Abstract:  
Dramatic increase of diabetes over the globe is in tandem with the increase in insulin 
requirement. This is because destruction and dysfunction of pancreatic β-cells are of 
common occurrence in both Type1 diabetes and Type2 diabetes, and insulin injection 
becomes a compulsion. Because of several problems associated with insulin injection, orally 
active insulin mimetic compounds would be ideal substitute. Here we report a small 
molecule, a peroxyvanadate compound i.e. DmpzH[VO(O2)2(dmpz)], henceforth referred 
as dmp, which specifically binds to insulin receptor with considerable affinity (KD-1.17µM) 
thus activating insulin receptor tyrosine kinase and its downstream signaling molecules 
resulting increased uptake of [14C] 2 Deoxy-glucose. Oral administration of dmp to 
streptozotocin treated BALB/c mice lowers blood glucose level and markedly stimulates 
glucose and fatty acid uptake by skeletal muscle and adipose tissue respectively. In db/db 
mice, it greatly improves insulin sensitivity through excess expression of PPARγ and its 
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target genes i.e. adiponectin, CD36 and aP2. Study on the underlying mechanism 
demonstrated that excess expression of Wnt3a decreased PPARγ whereas dmp suppression 
of Wnt3a gene increased PPARγ expression which subsequently augmented adiponectin. 
Increased production of adiponectin in db/db mice due to dmp effected lowering of 
circulatory TG and FFA levels, activates AMPK in skeletal muscle and this stimulates 
mitochondrial biogenesis and bioenergetics. Decrease of lipid load along with increased 
mitochondrial activity greatly improves energy homeostasis which has been found to be 
correlated with the increased insulin sensitivity. The results obtained with dmp, therefore, 
strongly indicate that dmp could be a potential candidate for insulin replacement therapy. 
© 2017 Mukherjee et al.  

Panchal, S.K., Wanyonyi, S. & Brown, L. (2017) Selenium, Vanadium, and 
Chromium as Micronutrients to Improve Metabolic Syndrome. Current 
Hypertension Reports, 19(3): 10-017-0701-x.  
Abstract:  
Trace metals play an important role in the proper functioning of carbohydrate and lipid 
metabolism. Some of the trace metals are thus essential for maintaining homeostasis, while 
deficiency of these trace metals can cause disorders with metabolic and physiological 
imbalances. This article concentrates on three trace metals (selenium, vanadium, and 
chromium) that may play crucial roles in controlling blood glucose concentrations possibly 
through their insulin-mimetic effects. For these trace metals, the level of evidence available 
for their health effects as supplements is weak. Thus, their potential is not fully exploited 
for the target of metabolic syndrome, a constellation that increases the risk for 
cardiovascular disease and type 2 diabetes. Given that the prevalence of metabolic 
syndrome is increasing throughout the world, a simpler option of interventions with food 
supplemented with well-studied trace metals could serve as an answer to this problem. The 
oxidation state and coordination chemistry play crucial roles in defining the responses to 
these trace metals, so further research is warranted to understand fully their metabolic and 
cardiovascular effects in human metabolic syndrome.  

Rehder, D. (2017) Implications of vanadium in technical applications and 
pharmaceutical issues. Inorganica Chimica Acta, 455: 378-389.  

Abstract:  
This overview addresses technical, biological and medicinal aspects of vanadium chemistry 
with special emphasis directed towards recent developments in industrial areas and 
(potential) pharmacological applications, along with novel insight into vanadium compounds 
occurring in, or associated with, living organisms. This includes the model character and 
potentiality of some of these systems for application domains. Focal points are industrial 
processes such as oxidation and polymerisation catalysis, vanadium-based batteries, 
breathing metal-organic frame-works, and quantum information, along with environmental 
concern. Examples for the latter aspect are the detoxification of exhaust gases, and the 
(bacterial) detoxification of soils and water. With respect to pharmacological and thus health 
issues, diabetes and tropical diseases (sleeping sickness, Chagas disease, leishmaniasis and 
amoebiasis) are accentuated. © 2016 Elsevier B.V.  

Zhang, D., Wong, C.S., Wen, C., et al. (2017) Cellular responses of osteoblast-like 
cells to 17 elemental metals. Journal of Biomedical Materials Research - Part A, 
105(1): 148-158.  

Abstract:  
Elemental metals have been widely used to alloy metallic orthopedic implants. However, 
there is still insufficient research data elucidating the cell responses of osteoblastic cells to 
alloying elemental metals, which impedes the development of new metallic implant 
materials. In this study, the cellular responses of osteoblast-like cells (SaOS2) to 17 pure 
alloying elemental metals, that is, titanium (Ti), zirconium (Zr), hafnium (Hf), vanadium (V), 
niobium (Nb), tantalum (Ta), chromium (Cr), molybdenum (Mo), manganese (Mn), iron 
(Fe), ruthenium (Ru), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), silicon (Si), and tin 
(Sn) were comparatively investigated in vitro. Cellular responses including intracellular total 
protein synthesis and collagen content, cell adhesion, cell proliferation, and alkaline 
phosphatase (ALP) activity on these elemental metals were systematically assessed and 
compared. It was found that these elemental metals could be categorized into three groups 
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based on the cellular functions on them. Group 1, including Ti, Zr, Hf, Nb, Ta, Cr, Ru, and 
Si, showed excellent cell proliferation and varied ALP activity for SaOS2 cells. Cells exposed 
to Group 2, including Mo and Sn, although initially attached and grew, did not proliferate 
over time. In contrast, Group 3, including V, Mn, Fe, Co, Ni, Cu, and Zn, showed severe 
cytotoxicity toward SaOS2 cells. It is vital to consider the cell responses to the elemental 
metals when designing a new metallic implant material and the findings of this study provide 
insights into the biological performance of the elemental metals. © 2016 Wiley Periodicals, 
Inc.  

5. ENVIRONMENTAL EFFECTS in PLANTS and SOIL 
Imtiaz, M., Rizwan, M.S., Mushtaq, M.A., et al. (2017) Interactive effects of 
vanadium and phosphorus on their uptake, growth and heat shock proteins in 
chickpea genotypes under hydroponic conditions. Environmental and Experimental 
Botany, 134: 72-81.  

Abstract:  
The present study was carried out to examine the interaction of vanadium and phosphorus 
and changes in heat shock genes to optimize the growth of chickpea genotypes. Two sets of 
hydroponic experiments were carried out using vanadium and phosphorus with five-level 
central composite design. Five levels of vanadium (0–1180 µM) and phosphorus (0–1000 
µM) were used to evaluate their interactive effects. Plants fresh biomass and uptake of 
vanadium and phosphorus were influenced by vanadium and phosphorus application. 
Enhanced fresh biomass was most likely a result of increased phosphorus uptake by chickpea 
genotypes. Addition of vanadium induced toxic effects while, higher concentration of 
phosphorus alleviated its toxic effects. The obtained results also indicated that lower 
vanadium concentration promoted phosphorus absorption however; higher concentration of 
vanadium inhibited the phosphorus uptake. The morphological changes in leaves indicated 
that the cells were deformed and reduced in size when treated with higher vanadium levels 
with fixed phosphorus while, there was little deformation and reduction in cells size were 
observed when plants were treated with higher levels of phosphorus with fixed vanadium. 
Whereas, the proportion of deformation of cells were higher in Balkasar as compared to C-
44 genotype. The results also showed that at elevated vanadium with fixed phosphorus, 
Hsp70 was expressed only in C-44 while, not in Balkasar however, Hsp90 and GAPDH 
showed non-significant results. © 2016 Elsevier B.V.  

Larsson, M.A., Hadialhejazi, G. & Gustafsson, J.P. (2017) Vanadium sorption by 
mineral soils: Development of a predictive model. Chemosphere, 168: 925-932. 
Available at: 
https://www.researchgate.net/profile/Jon_Gustafsson/publication/309656419_Vanadium_
sorption_by_mineral_soils_Development_of_a_predictive_model/links/585cfbde08aebf17d
38a0087.pdf 

Abstract:  
Abstract The toxicity of vanadium in soils depends on its sorption to soil components. Here 
we studied the vanadate(V) sorption properties of 26 mineral soils. The data were used to 
optimise parameters for a Freundlich equation with a pH term. Vanadium K-edge XANES 
spectroscopy for three selected soils confirmed that the added vanadate(V) had accumulated 
mostly as adsorbed vanadate(V) on Fe and Al hydrous oxides, with only minor contributions 
from organically complexed vanadium(IV). Data on pH-dependent V solubility for seven soils 
showed that on average 0.36 H+ accompanied each V during adsorption and desorption. 
The resulting model provided reasonable fits to the V sorption data, with r2 > 0.99 for 20 of 
26 soils. The observed KdS value, i.e. the ratio of total to dissolved V, was strongly 
dependent on V addition and soil; it varied between 3 and 4 orders of magnitude. The model 
was used to calculate the Freundlich sorption strength (FSS), i.e. the amount of V sorbed at 
[V] = 2.5 mg L−1, in the concentration range of observed plant toxicities. A close 
relationship between FSS and oxalate-extractable Fe and Al was found (r2 = 0.85) when 
one acidic soil was removed from the regression. The FSS varied between 27 and 8718 mg V 
kg−1, showing that the current environmental guidelines can be both under- and 
overprotective for vanadium.  
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Lin, H., Zhang, H., Dong, Y., et al. (2016) Enrichment characteristics of various 
heavy metals by four herbaceous plants in pair combination under hydroponic 
culture. Research of Environmental Sciences, 29(8): 1154-1162.  

Abstract:  
Vanadium contamination combined with many other heavy-metal ions (e.g.,As,Cd,Cr6+, 
Cu,etc.) happens frequently in V-ore mining and processing districts in China such as in 
Hubei, Shanxi and Hunan provinces. High concentrations of V5+in water and soil are toxic 
to both plants and animals. Moreover, heavy metal combined contamination is more toxic. 
Numerous reports have indicated that plant coexistence can accumulate more kinds of heavy 
metals compared to monocultures. Four herbaceous plants (Artemisia selengensis,Trifolium 
repens,Houttuynia cordata, and Medicago sativa) were mix cropped by pairwise in 
hydroponic culture system. The aim was to investigate the effects of different pairwise 
combination patterns on removing combined heavy metals of Cd, Cr, Pb and V and explore 
the best pairwise coupling pattern. The heavy-metal concentrations were 14.0, 0.8, 6.0 and 
4.0 mg/L for V, Pb, Cd and Cr, respectively. Based on biomass, enrichment contents of heavy 
metals, and translocation factor, the results indicated that the enrichment ability of each 
plant could be affected significantly in different pairwise combination patterns. When 
coexisted with T.repens, the Cd concentration in aerial part of A. selengensis, H. cordata, 
and M. sativa increased about 157%, 303%, and 639% compared to monoculture, 
respectively. Meanwhile, the accumulation ability of Pb by A. selengensis, T. repensand H. 
cordata also increased obviously when coexisting with M. sativa. The transportation ability 
was most prominent by T. repens, and the translocation factors of V, Pb, Cd, and Cr were 
1.19, 2.52, 22.60, and 1.67 times more than monoculture, respectively. Based on the mean 
concentration in the aerial part of every metal in different patterns, 'T. repensǁM. sativa' 
proved to be the greatest. The accumulations of V, Pb, Cr and Cd by 'T. repensǁM. sativa' 
were 1555, 1688, 473, 482 mg/kg, respectively. These findings indicated that heavy metal 
enrichment characteristics of herbaceous plants may be influenced significantly by 
coexistence with other plants under hydroponic culture, which was closely related with plant 
species. The research could serve as a certain guide for the repair of compound pollution of 
heavy metals by plants coexistence. © 2016, Editorial Board, Research of Environmental 
Sciences. All right reserved.  

 

6. ENVIRONMENTAL EFFECTS in TERRESTRIAL 
ORGANISMS 
ŽIVKOV BALOŠ, M., LJUBOJEVIC, D. & JAKŠIC, S. (2017) The role and importance 
of vanadium, chromium and nickel in poultry diet. World's Poultry Science Journal, 
: 1-12.  

Abstract:  
The levels of essential microelements in poultry feed must be high enough to satisfy the 
birds' requirements, yet low enough to ensure the safety of both animal feed and meat and 
eggs for human nutrition. The essential role of vanadium (V), chromium (Cr) and nickel (Ni) 
in poultry nutrition is still under investigation, while their toxicity was well established a long 
time ago. Even though some feeds might represent a potential source of harmful amounts 
of microelements, the combination of relevant quality control programs in the animal feed 
industry, as well as the application of good production practices and the adequate education 
of nutritionists can substantially reduce the risks associated with overfeeding such minerals. 
The aim of this review is to give an overview of the role, importance and needs of poultry 
for V, Cr and Ni. Copyright © World's Poultry Science Association2017.  
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7. ENVIRONMENTAL EFFECTS in AQUATIC 
ORGANISMS 
Li, S., Yu, K., Zhao, J., et al. (2017) Trace metal anomalies in bleached Porites coral 
at Meiji Reef, tropical South China Sea. Chinese Journal of Oceanology and 
Limnology, 35(1): 115-121. Available at: 
https://www.researchgate.net/profile/Tianran_Chen2/publication/301581004_Trace_metal
_anomalies_in_bleached_Porites_coral_at_Meiji_Reef_tropical_South_China_Sea/links/578
73c3a08ae3949cf55739c.pdf 

Abstract:  
Coral bleaching has generally been recognized as the main reason for tropical coral reef 
degradation, but there are few long-term records of coral bleaching events. In this study, 
trace metals including chromium (Cr), copper (Cu), molybdenum (Mo), manganese (Mn), 
lead (Pb), tin (Sn), titanium (Ti), vanadium (V), and yttrium (Y), were analyzed in two 
Porites corals collected from Meiji Reef in the tropical South China Sea (SCS) to assess 
differences in trace metal concentrations in bleached compared with unbleached coral 
growth bands. Ti, V, Cr, and Mo generally showed irregular fluctuations in both corals. 
Bleached layers contained high concentrations of Mn, Cu, Sn, and Pb. Unbleached layers 
showed moderately high concentrations of Mn and Cu only. The different distribution of trace 
metals in Porites may be attributable to different selectivity on the basis of vital utility or 
toxicity. Ti, V, Cr, and Mo are discriminated against by both coral polyps and zooxanthellae, 
but Mn, Cu, Sn, and Pb are accumulated by zooxanthellae and only Mn and Cu are 
accumulated by polyps as essential elements. The marked increase in Cu, Mn, Pb, and Sn 
are associated with bleaching processes, including mucus secretion, tissue retraction, and 
zooxanthellae expulsion and occlusion. Variation in these trace elements within the coral 
skeleton can be used as potential tracers of short-lived bleaching events. © 2017, Chinese 
Society for Oceanology and Limnology, Science Press and Springer-Verlag Berlin Heidelberg.  

Salcedo, D.L., Soto, L.A., Estradas-Romero, A., et al. (2017) Interannual variability 
of soft-bottom macrobenthic communities of the NW Gulf of Mexico in relationship 
to the Deepwater Horizon oil spill. Marine Pollution Bulletin, 114(2): 987-994. 

Abstract:  
A 3-year research program was undertaken to assess potential environmental disturbance 
caused by the Deepwater Horizon oil spill to the soft-bottom macrobenthic communities 
within Mexican waters of the northwestern Gulf of Mexico. Community properties and 
temporal/spatial variability were analyzed besides toxicant parameters such as 
hydrocarbons and trace-metals. Overall infaunal density increased, taxa proportion changed, 
and small-size opportunistic organisms prevailed throughout the study. Annual abundance-
biomass comparison (ABC) curves revealed progressive stress scenarios from moderate to 
severe. Concentrations of vanadium, nickel, cobalt, PAHs and AHs increased gradually over 
time. However, low correlations between benthic density and biogeochemical variables were 
determined. Initially, sedimentary properties were the main drivers of benthic community 
structure; subsequently, nickel, vanadium and PAHs, indicative of anthropogenic effect, 
were highlighted. Interannual variability in the macroinfauna was attributed to the synergy 
of several environmental factors. Undoubtedly, compounds derived from fossil fuels had a 
significant disturbance role, but their source remains uncertain. © 2016 Elsevier Ltd.  

Schiffer, S. & Liber, K. (2017) Toxicity of aqueous vanadium to zooplankton and 
phytoplankton species of relevance to the athabasca oil sands region. 
Ecotoxicology and Environmental Safety, 137: 1-11. 

Abstract:  
Vanadium (V) is an abundant trace metal present in bitumen from the Athabasca Oil Sands 
(AOS) region in Alberta, Canada. The upgrading of bitumen can result in the production of 
large volumes of a carbonaceous material referred to as petroleum coke that contains V at 
elevated levels compared to the native bitumen. Previous studies have shown that coke has 
the capacity to leach ecotoxicologically relevant levels of V into water it contacts, yet limited 
data are available on the toxicity of aqueous V to planktonic organisms. Therefore, this study 
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set out to evaluate the acute and chronic toxicity of V (as vanadate oxyanions) to freshwater 
zooplankton and phytoplankton species that are either commonly-used laboratory species, 
or species more regionally-representative of northern Alberta. Four cladoceran (2-d and 21-
d tests) and two algal (3-d tests) species were exposed to V to obtain both acute and chronic 
toxicity estimates. Acute V toxicity (LC50s) ranged from 0.60 mg V/L for Ceriodaphnia 
quadrangula to 2.17 mg V/L for Daphnia pulex. Chronic toxicity estimates (EC50s) for 
cladoceran survival and reproduction were nearly identical within species and ranged from 
a low of 0.13 to a high of 0.46 mg V/L for Daphnia dentifera and D. pulex, respectively. The 
lack of sublethal V toxicity in daphnia suggests a direct mechanism of toxicity through ion 
imbalance. Growth inhibition (EC50) of green algae occurred at concentrations of 3.24 and 
4.12 mg V/L for Pseudokirchneriella subcapitata and Scenedesmus quadricauda, 
respectively. Overall, cladocerans were more sensitive to V than green algae, with survival 
of the field-collected D. dentifera being approximately 2.5 to 3.5 times more sensitive to 
acute and chronic V exposure than the standard test species D. pulex. However, there were 
no significant differences in V toxicity between the field-collected cladocerans Simocephalus 
serrulatus and C. quadrangula, compared to the respective standard species D. pulex and 
Ceriodaphnia dubia. Similarly, there were no significant differences in sensitivity to V in the 
two algal species evaluated. Based on V concentrations reported in laboratory-generated 
coke leachates, zooplankton survival could be adversely impacted under conditions of 
chronic leachate exposure if V concentrations in the environment exceed 0.1 mg/L. 
Furthermore, toxicity thresholds from commonly-used planktonic test species would likely 
have sufficed for derivation of a V water quality guideline (WQG) for protection of local 
aquatic communities near oil sands operations, but the new data presented here on V toxicity 
to more regionally-representative species will strengthen the database for WQG derivation. 
© 2016 Elsevier Inc.  

8. MISCELLANEOUS 
Fang, G., Wu, W., Liu, C., et al. (2017) Activation of persulfate with vanadium 
species for PCBs degradation: A mechanistic study. Applied Catalysis B: 
Environmental, 202: 1-11. Available at: https://www.researchgate.net/profile/Guo-
Dong_Fang/publication/307901745_Activation_of_persulfate_with_vanadium_species_for_
PCBs_degradation_A_mechanistic_study/links/57d0f1f908ae601b39a06666.pdf 

Abstract:  
Abstract In the present study, the activation of persulfate (PS) with vanadium (V) species 
for PCBs (2,4,4′-trichlorobiphenyl [PCB28]) degradation was investigated for the first time. 
It was found that V2O3 exhibited high catalytic activity toward PS decomposition for PCB28 
degradation. Even under near neutral pH (7.4), PCB28 was efficiently degraded in V2O3/PS. 
Sulfate radical anions (SO4−) and hydroxyl radicals (OH) were produced from PS activation 
with V2O3 for PCB28 degradation, and were characterized with electron paramagnetic 
resonance (EPR) technique. Free radical quenching studies showed that ethanol inhibited 
PCB28 degradation, while tert-butyl alcohol enhanced PCB28 degradation via reductive 
dechlorination with alcohol radicals. The pathway of PCB28 degradation was proposed on 
the basis of GC–MS analysis of intermediates of PCB28 degradation in V2O3/PS. The 
mechanisms of PS activation are elucidated. It was found that V(III) in V2O3 activated PS 
to form SO4− and V(IV) (VO2) via electron transfer process, and the formed V(IV) further 
transferred an electron to PS to generate SO4− and V(V) (V6O13), which were supported 
with XRD analysis. Furthermore, both VO2 and V2O5 can activate PS for PCB28 degradation, 
indicating that V(IV) would be regenerated from the reduction of V(V) by persulfate ions 
(S2O82−) on the surface of V2O5 particles. These findings would help to better understand 
the interactions between naturally occurring V minerals and PS, and provide a novel activator 
for PS activation to degrade contaminants.  
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petrochemical processes. This carbon black waste has been shown to possess physical 
properties that are characteristic of a good adsorbent such as high external surface area. 
Therefore, there is a growing interest to reutilize and process this carbon black waste into 
secondary materials such as adsorbents. However, the carbon black waste obtained from 
petrochemical industries may contain heavy metals that are hazardous to human health and 
the environment, hence restricting its full potential for re-utilization. Therefore, it is 
important to examine the possible toxicity effects and toxicity mechanism of carbon black 
waste on human health. In this study, inductively coupled plasma optical emission 
spectroscopy (ICP-OES) analysis showed that the heavy metals, vanadium (V), molybdenum 
(Mo) and nickel (Ni), were present in the carbon black waste in high concentrations. Three 
human cell lines (HepG2 cells, MRC-5 cells and MDA-MB-231 cells) were used to investigate 
the toxicity of carbon black waste extract in a variety of in vitro assays. Results from MTS 
assays indicated that carbon black waste extract decreased the viability of all three cell lines 
in a dose and time-dependent manner. Observations from confocal microscopy further 
confirmed this phenomenon. Flow cytometry assay also showed that carbon black waste 
extract induced apoptosis of human cell lines, and the level of apoptosis increased with 
increasing waste concentration. Results from reactive oxygen species (ROS) assay indicated 
that carbon black waste extract induced oxidative stress by increasing intracellular ROS 
generation in these three human cell lines. Moreover, induction of oxidative damage in these 
cells was also observed through the alteration of glutathione (GSH) and superoxide 
dismutase (SOD) activities. Last but not least, by treating the cells with V-spiked solution of 
concentration equivalent to that found in the carbon black waste extract, V was identified as 
the main culprit for the high toxicity of carbon black waste extract. These findings could 
potentially provide insight into the hazards of carbon black waste extract and its toxicity 
mechanism on human cell lines. © 2016 Elsevier B.V.  

 


