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ABSTRACT 
Elemental contaminants are present in the food chain through natural or 

anthropogenic sources. Larger doses, longer durations of exposure and frequent 

exposure will increase the risk of elemental toxicity. Animals such as sea turtles and 

seabirds are often used as bioindicators of environmental contaminants because they 

are long lived and near the top of their food chains. Beast feathers of Bonin petrel 

(Pterodroma hypoleuca) have a quick turnover and represent shorter-term exposure, 

while wing feathers are grown over longer periods and represent longer-term 

accumulation. Whole blood from Hawaiian green sea turtles (Chelonia mydas) was 

used to evaluate recent exposure while keratinized scute was used to represent long 

term contamination.   

Chapter I is a literature review that contains information on the uses of lead 

isotope ratios and their disadvantages. It also discusses alternatives to lead isotope 

ratios. Chapter II compares elemental concentrations in wild Hawaiian green sea 

turtles to captive Hawaiian green sea turtles at Sea Life Park Hawaii to determine if 

captive sea turtles could be used as a baseline to better understand concentrations in 

wild sea turtles. Chapter III discusses the concentrations of lead and arsenic in green 

sea turtles of Kailua Bay that have been exposed to lead shot from a historic skeet 

shooting range. Chapter IV presents contaminant levels in two feather types from 

Bonin petrels in the Northwestern Hawaiian Islands and compares the results to a 

study conducted approximately 15 years prior to determine how concentrations have 

changed over time. Chapter V is a risk assessment to determine the risk of lead 

exposure to sea turtle.  
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CHAPTER I  

USE OF LEAD ISOTOPE RATIOS IN ENVRIONMENTAL 
STUDIES: DISADVANTAGES AND ALTERNATIVES 

 

Introduction 

Lead Isotope Ratios 
 

Lead isotopes are produced by the radioactive decay of Thorium (Th) and 

Uranium (U). 238U decays to 206Pb, 235U decays to 207Pb, and 232Th decays to 238Pb. 

204Pb is primordial and has no radiological parent (NAS). The most preferred ratios 

used in environmental sciences are 208Pb/206Pb and 207Pb/206Pb because they can be 

measured precisely with analytical instruments.18 Unlike other elements Pb isotopic 

ratios are not altered by depletion. Even if Pb has been removed from an alloy, the 

remaining miniscule amounts of Pb will allow for isotopic analyses.21  

Lead isotope ratios have been used in many studies, from determining the 

source of contamination in Honey Bees to identifying counterfeit cigarettes.22–28 They 

can be used to identify anthropogenic sources such as leaded gasoline, coal 

combustion, metallurgic activities and waste incineration as well as Pb isotopes in 

reservoirs such as atmospheric aerosols, peat deposits, sediments, soils and tree 

rings.29 It can be important to distinguish lead poisoning from lead shot as opposed to 

lead from mining sites, gasoline, or other sources in order to remediate these sources 

and develop pertinent environmental policies and regulations. 
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Problems with Lead Isotope Ratios 
 

One problem with using Pb isotope ratios is that high resolution 

instrumentation must be used for the determinations and all labs have access to this 

expensive technology. There are only small differences in isotope ranges between 

sources, and the differences in isotope ratio ranges will be difficult if not impossible to 

see unless high resolution instrumentation is used. The main methods for Pb isotope 

analysis are multiple-collector inductively coupled plasma- mass spectrometer (MC-

ICP-MS), thermal ionization mass spectrometer (TIMS), single detector magnetic-

sector field ICP-MS (ICP-SMS) and quadrupole ICP-MS (Q-ICP-MS).27,30 Two of the 

methods, MC-ICP-MS and TIMS offer high precision data while ICP-SMS and Q-

ICP-MS offer medium to low quality data.27 While TIMS and MC-ICP-MS offer high 

precision, they are very expensive and samples must be prepared in ultraclean 

rooms.27 Each instrument has its advantages and disadvantages (Table 1.1).  
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Table 1.1 Precision, advantages, disadvantages and relative costs of four ICP-MS 
instruments 

Analytical 
Technique 

Measurement 
Precision 

Advantages Disadvantages Cost Order 
1= lowers 

4 = 
greatest 

References 

MC-ICP-MS 0.005 – 0.02% Simple sample 
preparation; Fast 
analysis; Ions 
detected 
simultaneously;  

Can be very time 
consuming;  

2 

31–33 

TIMS 0.001 – 0.01% Most reliable, 
accurate and 
precise; Isotopes 
can be measured 
simultaneously   

Must separate Pb 
from matrix 
elements; Must 
prepare samples in 
ultraclean rooms 

1 

31,32 

ICP-SMS 0.05 – 0.2%  More sensitive and 
higher mass 
resolution than Q-
ICP-MS; 

More expensive 
than ICP-MS; 
Higher complexity 
instrument 

3 

32,34 

Q-ICP-MS 0.1 – 0.5% Easy digestion 
method; Rapid 
analysis; Easy 
sample 
introduction 

Lowest accuracy 
and precision 

4 

31,32 

 

One review goes so far as to say Q-ICP-MS is not precise or accurate enough for Pb 

isotopic analysis in health or environmental fields.27 This is because a large proportion 

of mines have narrow isotopic ranges: 206Pb/207Pb of 1.15 to 1.22 and 208Pb/207Pb of 

2.42 to 2.50, and Q-ICP-MS would have a difficult time distinguishing between 

sources. However, some mines such as those in the USA, Australia, and Scandinavia 

have distinct isotopic signatures, and Q-ICP-MS would be suitable for these.35    

Another problem is isotopic ratios are not always constant. After Pb is 

deposited in the environment the isotope ratios are expected to remain constant, 

despite any environmental process that might cause Pb decay or the use of Pb in 
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manufacturing processes. However, isotope ratios do change over thousands of years 

as soils become more radiogenic.35 Furthermore, the recycling of lead and the 

international transportation of lead ore may cause problems in the identification of Pb 

sources by isotope ratios.35 Recycling and transportation of Pb can cause the mixing of 

ratios both environmentally and biologically and cause overlapping ratios. Moreover, 

humans or animals are often exposed to more than one source of lead at a time.  Blood 

samples with two or more sources of lead would have isotopic ratios representative of 

the mixed sources of lead.22 This can make it difficult to pinpoint the source of Pb.  

Alternatives to Lead Isotope Ratios 
 

One way to help determine what type of source Pb comes from is to use Pb-Sc 

and Pb-Zr comparisons because Sc and Zr have no substantial anthropogenic source.38 

Using Sc or Zr as a reference element, it can be determined if the Pb has a lithogenic, 

anthropogenic, or atmospheric source.39 However it is often important to identify the 

source of Pb to a more precise source. One example is using antimony (Sb) as a tracer 

element in Pb shot. Lead shot is composed of four elements, Pb, Sb, arsenic (As), and 

tin (Sn). In a study looking at the bioaccessibility of elements from Pb shot in a 

simulated avian digestive system, As and Sn were not extracted at high enough 

concentrations to be used as a trace element marker. However, high concentrations of 

Sb were extracted from the digestive solutions at concentrations much greater than 

those found in nature, showing Sb may be used as a trace element marker for Pb 

shot.40 Using this data, Sb was proven as a useful indicator of Pb shot exposure in 
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American woodcock (Scolopax minor) feathers and bones.40 It is not clear if Sb would 

be useful as an indicator of Pb shot in other species or tissues.   

 When possible, high resolution instrumentation such as TIMS or MC-ICP-MS 

should be used in lead isotope identification. These instruments offer higher precision 

and accuracy than Q-ICP-MS or ICP-SMS. Even if the sample of interest has been 

exposed to more than one source of Pb or the Pb isotope ranges are very close 

together, TIMS or MC-ICP-MS would be the best chance at source discrimination. In 

addition to instrumentation, the use of trace elements such as Sb may help in the 

identification of sources of Pb. While Sb has been shown to be a useful biomarker in 

American woodcock, its usefulness in other species needs to be proven. Further 

research should be conducted to determine if other trace elements can be used as 

markers in tracing the source of Pb to help scientists and policy makers better 

understand potential sources of Pb in the environment. 
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CHAPTER II 

METAL CONCENTRATIONS IN BLOOD AND SCUTE TISSUES 
FROM WILD AND CAPTIVE HAWAIIAN GREEN SEA 

TURTLES (CHELONIA MYDAS) 

 

Introduction 
 

Trace elements have been found in marine life around the world including 

cetaceans, seabirds, fish and sea turtles.1–4 Some elements are essential nutrients 

including K, Na, Mg, Ca, Mn, Fe, Co, Ni, Cu, Zn, Mo, and Se. Essential elements can 

become toxic at high concentrations while nonessential elements, e.g. As, Hg, Pb, can 

be toxic at very low concentrations.5–7 These nonessential elements can gain access to 

cells by mimicking essential elements, potentially disrupting cellular processes.6 This 

can adversely affect the health of organs, the central nervous system, and the immune 

system through acute or chronic exposure.8  

Hawaiian green sea turtles (Chelonia mydas) face several anthropogenic 

threats such as pollution, fisheries bycatch, and habitat loss. C. mydas are classified as 

threatened and listed in Appendix I of the Convention of International Trade in 

Endangered Species.9,10 Hawaiian sea turtles recruit to nearshore habitats at 35 cm 

straight carapace length (SCL). These subadult and adult turtles exhibit high site 

fidelity to a particular location. Green sea turtles are bioindicators of the environment 

due to their long life, high site fidelity and accumulation of contaminants from food, 

water, and sediment.11–13   
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Sea turtles have been rehabilitated in captivity since 1968. In addition to 

rehabilitation, sea turtles in captivity can provide valuable insight into disease 

pathways, physiology.  Visitors leave zoos with a heightened awareness and 

understanding of wildlife and their conservation needs.14  

Natural and anthropogenic contaminants, including metals, are one of the 

hazards potentially contributing to the decline of green sea turtles worldwide.15 Sea 

turtles are exposed to metals primarily through their food and water, as well as 

sediment.9,11,12 Wild sea turtles can live fifty years or longer, potentially 

bioaccumulating large amounts of metals; though metal concentrations are generally 

one to two orders of magnitude lower in sea turtles than seabirds or marine 

mammals.16,17 Juvenile green sea turtles eat gelatinous zooplankton including jellyfish 

and tunicates, which generally have higher concentrations of metals than plants. For 

this reason, juveniles often have higher metal concentration in their blood than adult 

green sea turtles who are herbivorous.18  

Monitoring sea turtles can help elucidate the risk of inorganic elements to the 

species as well as to the ecosystem.7 Blood samples can be used to estimate elemental 

contamination in liver, muscle and kidney of green sea turtles.19 Whole blood allows 

measurement of elements in both intracellular and extracellular compartments and 

represents recent exposure to contaminants.20 On the other hand, scutes are hard, 

keratinized plates that make up the shell of a sea turtle. Metals bind to the keratin of 

the scutes, incorporating and storing contaminants over time giving a history of 

exposure.21 Once incorporated into scute, elements become metabolically inactive and 
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are unavailable for remobilization.22  These two tissues, along with the turtles’ food 

source, can be used to determine if elemental contaminants accumulate within the sea 

turtles. Trophic transfer factor (TTF) describes the ratio between the concentration of 

an element in the animals’ tissue to the concentration of the element in its food.23 A 

TTF value >1 indicates elements may biomagnify, while a TTF <1 means 

biomagnification is unlikely to occur.24     

This study quantified the concentration of the inorganic elements: V, Cr, Co, 

Ni, Cu, As, Se, Sr, Cd, Sb and Pb in the blood and scutes of captive and wild 

Hawaiian green sea turtles. Studies have previously been conducted on sea turtles in 

captivity, quantifying trace elements in headstarted Kemp’s Ridley sea turtles 

(Lepidochelys kempii) and captive hawksbill (Eretmochelys imbricate), green and 

loggerhead (Caretta caretta) turtles.25–27 To the authors’ knowledge, however, this is 

the first study comparing captive and wild green turtles in the Eastern Pacific Ocean, 

and no previous study has included elemental concentrations in the captive turtles’ 

food. This study will determine elemental concentrations in adult green turtles and 

determine if captive turtles may serve as a baseline to better understand concentrations 

in wild turtles. 

Methods 

Sampling 
 

Wild sea turtles were captured in November 2011 and April 2015 by hand or 

net in Kapoho Bay on the easternmost tip of Hawaii Island (19.496291 N -154.820698 

W, Figure 2.1), which is now covered by new lava from the 2018 eruption of Kilauea.  
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Figure 2.1: Location of the Sea Life Park on the island of O’ahu and Kapoho Bay on 
the island of Hawai’i.  

 
After capture, turtles were brought ashore and blood samples were taken according to 

the Biological and Environmental Monitoring and Archival of Sea Turtle Tissues 

(BEMAST) protocol.28 Briefly, double-ended stainless-steel needles were used to 

draw blood into glass sodium heparin Vacutainer blood collection tubes within 15 

minutes of the turtle being captured. Blood was kept on ice until the whole blood 

samples were split into aliquots and frozen in liquid nitrogen vapor until analysis. 

Scute shavings were collected from the fifth central scute according to the Balazs 

method (unpublished) and stored in liquid nitrogen vapor. Scutes were homogenized 

by mortar and pestle prior to analysis. Samples of known prey items (Gracillaria 



Texas Tech University, Katherine R. Shaw, May 2019 

13 
 

salicornia and Amancia spp.) were collected from Kapoho Bay in December 2013 to 

represent the wild turtles’ diet.29 

Green Sea turtles were brought into Sea Life Park Hawaii in the mid-to-late 

1960s, and are one of the few captive breeding colonies in the world.  They are fed a 

commercially available pelleted floating compound (35% protein turtle finisher, 

Melick Aquafeed, Catawissa, PA 17820 USA) designed to meet the nutritional 

requirements of green sea turtles. The 14 turtles living in the pond are fed 2.3 kg of 

pelleted food per day “broadcast style” by adding the pellets into the exhibit and 

giving all turtles an equal chance to feed. Their diet is supplemented with fresh 

vegetables. These turtles have nested on an artificial sand beach in their habitat every 

year since 1976, and produce 200-800 hatchlings per year, which are released shortly 

after emergence.30 Blood and scute were sampled from six adult captive turtles (3 

male, 3 female) at Sea Life Park Hawaii in August 2012 following the same protocol 

as the wild turtles. A sample of the pelleted food was also taken for analysis. Seawater 

samples were collected in October 2017 from three points in the pond; the water inlet, 

the center of the pond and near the nesting beach in 50 mL centrifuge tubes (Corning 

Inc., Corning, NY 14831).  

All samples were stored in the BEMAST specimen bank (National Institute of 

Standards and Technology, Charleston, SC).  Seven blood and five scute samples were 

taken from the BEMAST specimen bank for Kapoho Bay turtles and six blood and six 

scute samples for SLPH turtles.  
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Digestion and ICP-MS Analysis 
 

Digestion of all samples was based on a small mass digestion technique 31. 

Trace metal grade nitric acid (0.2 mL HNO3, Fisher Scientific, Fair Lawn, New Jersey 

07410, USA), trace metals grade hydrochloric acid (0.1 mL HCl, Fisher Scientific), 

and milli-Q water (0.1 mL) were added to 0.1 g scute in 15 mL centrifuge tubes. 

Tubes were heated in a hot water bath (Precision reciprocal shaking bath Model 

66800, Precision Scientific, Chennai, Tamil Nadu, India 600086) at 90°C (± 5°C) for 

one hour. After cooling, 0.1 mL hydrogen peroxide (H2O2, Fisher Scientific) was 

added and samples were heated again for 30 minutes. Samples were subsequently 

diluted to 10 mL with milli-Q water and filtered through a 0.45 µm PTFE filter 

(Whatman 0.45 µm GMF-150, Maidstone, ME England) prior to analysis. A sample of 

the captive turtles’ food (0.1 g) was digested in the same manner as the scute samples.  

For blood samples, 0.4 mL HNO3 (Fisher Scientific), 0.1 mL HCl (Fisher Scientific), 

and 0.1 mL milli-Q water were added to 0.2 mL blood in 15 mL centrifuge tubes. 

Tubes were vortexed and sonicated for 10 minutes then placed in a hot water bath at 

95°C (± 5°C) for one hour. After cooling, 0.2 mL H2O2 (Fisher Scientific) was added 

and the samples vortexed, sonicated and heated again for 30 minutes. This process was 

repeated twice more until the samples were completely digested. Samples were diluted 

to 10 mL with milli-Q water and filtered through a 0.45 µm PTFE filter (Whatman) 

prior to analysis.  

 Algae samples were dried overnight at 55°C. A subsample of the algae (0.2 g) 

was combined with HNO3 (0.2 mL, Fisher Scientific), HCl (0.1 mL, Fisher Scientific) 



Texas Tech University, Katherine R. Shaw, May 2019 

15 
 

and 18 MΩ deionized water (3 mL) in a 15 mL centrifuge tube. The samples were 

placed in a hot water bath at 95°C (±5°C) for 1 hour. After cooling H2O2 (0.2 mL, 

Fisher Scientific) was added and the samples placed back in the hot water bath for 30 

minutes. Samples were filtered through 0.45 µm PTFE filter (Whatman) and diluted to 

10 mL for analysis. An algae sample was spiked with a multi element standard 

(Inorganic Ventures, Christianburg, VA USA) to determine recovery of elements from 

an algae matrix. 

 Seawater samples collected from SLP were acidified with nitric acid (Fisher 

Scientific) and diluted with milli-Q water in a 1:100 ratio. A seawater sample was 

spiked with a multi element standard (Inorganic Ventures) to determine recovery of 

elements from a seawater matrix.  

 Elemental analyses were performed using an Agilent Technologies 7900 

inductively coupled plasma- mass spectrometer (ICP-MS) equipped with an Agilent 

Technologies ASX-500 Series autosampler in helium collision mode. An eight-point 

multi-element calibration standard (Inorganic Ventures) from 0.1 – 1000 ng/mL was 

analyzed at the beginning and end of every run and a check standard run every 10 

samples. Internal standards were added online and samples were rerun if the recovery 

was outside the acceptable range of 80 % to 120 %. Quality assurance was conducted 

using method blanks and certified reference materials (DOLT-5: Dogfish Liver from 

National Research Council Canada, Ottawa, Ontario, and Seronorm™ Trace Elements 

Whole Blood L-3 [REF 210313, LOT 1509408] from Sero AS, Billingstad, Norway). 

The instrument detection limit (IDL) was determined by analyzing seven replicates of 
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the 0.1 ppb multi element standard (Inorganic Ventures) and multiplying the standard 

deviation of these replicates by the Student t-test value (3.143)32. Quantifiable 

concentrations occurred in the blood method blank for Cr, Co, Ni, Cu and Se and in 

the scute method blank for Cr and Cu. All elements analyzed had method blank 

concentrations <0.5 ng/g except Cu. The larger Cu concentration is acceptable because 

all samples had Cu concentrations at least 3x greater than the method blanks. No 

corrections were made except for Cr in blood, which was eliminated from further 

analyses. All blood values are in ng/g wet weight (ww), scute and turtle chow in dry as 

received weight (dw), and algae in dry weight (dw).  

Statistical Analyses 
 

All statistical analyses were performed using the statistical program R (version 

3.2.3, The R foundation for Statistical Computing, Vienna, Australia) and the 

Nondetects and Data Analysis for Environmental Data (NADA) package which is 

recommended for left censored data 33. Mean, median, and standard deviations were 

calculated using Kaplan-Meier (K-M) or regression on order statistical (ROS) models. 

Shapiro-Wilk and Bartlett tests were used to test normality and homoscedasticity of 

data. Differences in elemental concentrations between captive and wild turtles were 

determine by parametric (using the R NADA function cenmle) or nonparametric 

(using the R NADA function cendiff) tests. A Kendall’s tau correlation was run using 

the cenken function to determine the relationships between SCL and elements in the 

blood or scute.   
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Trophic transfer factor was calculated as the ratio between the concentration of 

an element in the tissue (blood or scute) to the concentration in the diet (pelleted food 

or algae). For blood or scute concentrations below the detection limit (DL), half the 

DL was used to calculate the TTF. Estimated daily intake was calculated to estimate 

the daily exposure of captive and wild turtles to elemental contaminants. Captive 

turtles are fed “broadcast” style, with approximately 2.3 kg of pelleted food thrown 

into the lagoon each day. Fourteen turtles live in the lagoon, giving an approximate 

consumption of 164 g pelleted food turtle-1 day-1. The consumption rate was multiplied 

by the elemental concentration of the pelleted food determined via ICP-MS, giving a 

daily intake rate in ng turtle-1 day-1. Captive turtles are fed additional vegetables 

(broccoli, lettuce and celery) per day, but these were not included in the estimated 

daily intake. Wild turtles’ daily intake rate was calculated using a daily food intake of 

127 g dry weight turtle-1 day-1.34 G. salicornia makes up approximately 40.9% of the 

green sea turtles’ diet and Amansia spp. approximately 30%.35 The remaining 29.1% 

was estimated using a 50:50 combination of the Amansia and G. salicornia 

concentrations.  

Results 
 

Sea turtles from Kapoho Bay and SLPH are adults and ranged in size from 

76.2 cm to 94.5 cm straight carapace length (SCL). The weight of the Kapoho Bay 

turtles ranged from 147 to 197 pounds with an average of 168 pounds. All turtles were 

healthy, with no signs of emaciation or fibropapillomatosis, though one turtle had 

carapace damage and signs of a shark attack. Hematocrit values (PCV) ranged from 
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29% to 43.5% with averages of 37% ± 3.9% and 35 ± 3.9% in SLPH and Kapoho Bay 

turtles, respectively. Three males and three females were sampled from SLPH and 

three males, two females, and two of unknown sex sampled from Kapoho Bay (SI 

Table 2). Paired blood and scute samples were taken from 6 captive and 5 wild turtles 

and additional blood samples from two wild turtles.  

Ten elements were above detection limit in at least one blood or scute sample 

of captive and wild turtles (Table 2.1).  
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Table 2.1: Elemental concentrations in the scute (ng/g dw) and blood (ng/g ww) of 
captive turtles at Sea Life Park Hawaii and wild turtles at Kapoho Bay, HI. An * 
indicates significant difference between captive and wild turtles. 
  SCUTE 

  Captive (n=6)  Wild (n=5) 
   Mean (SD) n>LOD Median   Mean (SD) n>LOD Median 

Es
se

nt
ia

l Co 19.2 (36.3) 5 2.7  4.42 (1.76) 5 3.9 
*Cu 1,140 (356) 6 1100  253 (21.8) 5 257 
*Se 306 (90.7) 6 350  110 (33.9) 5 126 

Sr 
9,150 

(4,670) 6 7370  
5920 

(2,160) 5 5,420 

To
xi

c 

Sb DL 0   DL 0  
*V 550 (312) 6 450  158 (80.9) 5 140 
*As 30.3 (55.8) 3 9.19  144 (22.8) 5 138 
Cd 14.9 (11.7) 5 9.7  14.5 (3.44) 5 14.7 
*Cr 889 (1820) 6 143  79.3 (39.6) 5 78.2 
Ni 280 (240) 6 186  141 (73.5) 5 117 
Pb 20.8 (16.8) 2 14.6  32.9 (12.0) 3 26.8 

         
         
  BLOOD 

  Captive (n=6)  Wild (n=7) 
  Mean (SD) n>LOD Median   Mean (SD) n>LOD Median 

Es
se

nt
ia

l Co 4.0 (0.98) 6 4.1  5.80 (2.76) 7 5.8 
Cu 685 (88.1) 6 687  702 (76.3) 7 720 
*Se 472 (102) 6 473  134 (61.8) 7 105 
Sr 789 (428) 6 717  694 (137) 7 631 

To
xi

c 

Sb DL 0   DL 0  
*V DL 0   18.2 (8.59) 6 19 
*As 28.8 (17.3) 6 22.8  48.7 (23.6) 7 38.9 
*Cd 2.92 (0.64) 4 2.5  6.14 (3.99) 7 5.1 
Cr - - -  - - - 

*Ni 26.2 (4.47) 6 26.4  68.0 (19.8) 7 64.3 
*Pb 29.0 (8.01) 4 23.6  69.3 (30.5) 7 55.3 

 

The detection limit ranged from 0.02 to 0.4 ppb (SI Table 1). Recovery of all elements 

in SRMs ranged from 51% to 179% while recovery of all elements in the spiked 

seawater sample ranged from 90% to 118%, and recoveries of all elements in spiked 
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algae samples ranged from 95% to 116% (SI Table 1). The elements are classified into 

essential (Co, Cu, Se, Sr), minorly toxic (V, Sb) and toxic (As, Cd, Cr, Ni, Pb).  

Essential elements Sr and Cu were found at the highest concentration in the 

blood and scute of all sea turtles in this study. Lead, a toxic heavy metal, was found in 

the blood of all wild turtles and the majority of captive turtles. Blood Pb 

concentrations in all turtles were less than background levels in birds (200 ng/g 

w.w.).36  The captive turtle with the largest SCL had the highest concentrations of all 

elements in blood compared to the other captive turtles. No clear distinction with turtle 

length was found in wild turtles.  

Eleven elements were measured in the pelleted food at SLPH as well as 

representative samples of algae (Amansia spp. and G. salicornia) from Kapoho Bay 

(Table 2.2).  

Table 2.2: Elemental concentrations in pelleted food and algae in ng/g dw. Moisture 
content of Amansia spp. was 46.2% and G. salicornia was 45.1%. 
  

  
Pelleted 

Food 
Amansia 

spp. 
Gracilara 
Salicornia 

Co 95.5 281 39.3 
Cu 10,400 3,610 985 
Se 767 237 77.6 
Sr 8,730 79,000 31,100 
Sb 11.3 14.9 14.1 
V 208 2,020 3,370 
As 259 1,520 4,270 
Cd 53.5 518 196 
Cr 523 1,630 663 
Ni 2,490 8,970 532 
Pb 97.5 1,030 388 
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Strontium was of greatest concentration in both G. salicornia and Amansia spp, while 

Cu was of greatest concentration in the pelleted turtle food. Conversely, Sb was the 

lowest concentration in all 3 types of food. Se was 9.9 and 3.2 times higher in the 

pelleted turtle food than in G. Salicornia and Amansia spp. respectively.  

Water samples from SLPH contained four elements >DL; Cr, Cu, Se and Sr 

(Table 2.3).  

Table 2.3: Elemental concentrations at the water inlet, middle of the pond, and near 
the nesting beach in the sea turtle habitat at SLPH and Kapoho Tide Pool. 

 Water 
inlet Middle Nesting 

Beach 
Kapoho Tide 

Pool37 
Co <DL <DL <DL 0.01 
Cu 280 <DL <DL 0.19 
Se 32.8 8.9 23.9 0.02 
Sr 4,450 4,490 4,200 - 
Sb <DL <DL <DL - 
V <DL <DL <DL 1.52 
As <DL <DL <DL 1.48 
Cd <DL <DL <DL - 
Cr 15.8 14.1 15 0.14 
Ni <DL <DL <DL 0.24 
Pb <DL <DL <DL 0.01 

 

The highest concentrations of Cr (15.8 ng/mL), Cu (280 ng/mL) and Se (32.8 ng/mL) 

were found at the water inlet, where seawater enters the pond, while the highest 

concentration of Sr was found in the middle of the pond (4,490 ng/mL). Water 

samples from Kapoho Bay were not analyzed in this study, however elemental 

concentrations were obtained from Bienfang et al. 2009 (Table 3)37. Reported values 

of Cr, Co, Cu and Se for Kapoho Bay Tidepools were less than those in SLPH.  
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 Of the ten elements above detection limit, blood Se, V, As, Cd, Ni and Pb 

concentrations were significantly (p<0.05) different between captive and wild turtles 

while Cu, Se, V, As and Cr concentrations were significantly different in scute tissue 

of the two groups. Three of the four elevated elements in captive turtles’ scute (V, Se, 

Cu) are essential elements while Cr can be toxic or nontoxic, depending on its valence 

state. The only significantly greater element in the blood of captive turtles was Se, an 

essential metal. The sequential concentrations of essential elements in the blood of 

captive turtles as well as the scute of both captive and wild turtles were Sr > Cu > Se > 

Co. In the blood of the wild turtles, Cu was at the highest concentration, followed by 

Sr, Se, and Co.  

Of the two minorly toxic metals, Sb was not found >DL in captive or wild 

turtles. Vanadium was significantly greater in the scute of captive turtles that wild 

turtles, but significantly greater in the blood of wild turtles. The four toxic elements 

that differed significantly in blood between the groups, As Cd, Ni and Pb, were 

significantly greater in the wild turtles. Arsenic, a toxic metalloid, was significantly 

greater in the scute of wild turtles as well.  

A Kendall’s rank correlation showed four metals in the captive turtles scute 

that were significantly correlated with SCL; V (τ= 0.87, p=0.02), Cu (τ= 0.49, 

p=0.04), Cd (τ= 0.8, p=0.04) and Pb (τ= 0.6, p=0.05). Selenium was the only element 

in the blood of wild turtles to be significantly correlated with SCL (τ= 0.71, 

p=0.0335).  No correlations were found between SCL and scute in wild turtles or 

between SCL and blood in captive turtles.  
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Three metals in captive turtles’ scute, V, Cr, and Sr, had a TTF >1 indicating 

biomagnification is possible (Table 2.4).  
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Table 2.4: Trophic transfer values for blood and scute in captive and wild turtles. Daily intake (µg/day) is calculated for captive turtles 
at SLPH eating only pelleted food and wild turtles eating a combination of Amansia spp. and G. Salicornia. 

 
 

  

Captive                         
Pelleted Food     

Wild                                  
Amansia spp.  

Wild                                      
G. salicornia    

  

Trophic 
Transfer 

Scute 

Trophic 
Transfer 

Blood 

Daily 
Intake   

Trophic 
Transfer 

Scute 

Trophic 
Transfer 

Blood 

Trophic 
Transfer 

Scute 

Trophic 
Transfer 

Blood 

Daily 
Intake  

Essential 

Co 0.20 0.04 22  0.02 0.02 0.11 0.15 352 
Cu 0.11 0.07 56  0.07 0.19 0.26 0.71 139 
Se 0.40 0.62 10  0.47 0.57 1.42 1.73 19 
Sr 1.05 0.09 269   0.07 0.01 0.19 0.02 544 

Toxic 

Sb - - 1120  - - - - 273 
V 2.64 - 28  0.08 0.01 0.05 0.01 387 
As 0.12 0.11 83  0.09 0.03 0.03 0.01 19 
Cd 0.28 0.05 943  0.03 0.01 0.07 0.03 6660 
Cr 1.70 0.00 6  0.05 - 0.12 - 43 
Ni 0.11 0.01 1  0.02 0.01 0.27 0.13 2 
Pb 0.21 0.30 11  0.03 0.07 0.08 0.18 85 



Texas Tech University, Katherine R. Shaw, May 2019 

25 
 

No TTF was greater than 1 in the blood of captive turtles. Amansia spp. had lower 

concentrations of metals than G. Salicornia, and no elements in Amansia spp. had a 

TTF >1 in scute or blood of wild turtles. G. Salicornia showed the potential for 

bioaccumulation of Se in the scutes and blood of wild turtles at a TTF of 1.42 and 

1.73, respectively. Estimated daily intake for all elements except Cu and Se were 

highest in the wild turtles (Table 4). Daily intake of Sb was the lowest for both groups 

while Cu was the highest for captive turtles and Sr the highest for wild turtles.  

Sex was a contributing factor to differences in concentrations in captive turtles. 

In scute, only Pb was significantly different between male and female captive turtles, 

with female turtles having a greater mean concentration than male turtles. Two other 

metals were significantly different in the blood between the two sexes. Blood Se was 

greater in male captive turtles than female captive turtles, and blood Sr greater in 

female captive turtles.  

In addition, elemental concentrations of V, Cd, Pb, As, Se and Ni in the blood 

of captive and wild turtles in this study were compared to turtles around the world 

(Figure 2.2).  
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Figure 2.2: Elemental concentrations (ng/g ww) in the blood of green sea turtles 
worldwide. Red circles represent the mean and blue lines the standard deviation. 
Horizontal lines indicate thresholds of toxicity. 
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Discussion 
 

Elemental concentrations in sea turtles are affected by diet, species, sex, age, 

health status, type of tissue, and location, including captive vs wild. Packed cell 

volume, or hematocrit values, are used as an indicator of sea turtle health. All turtles in 

this study had healthy hematocrit values (20-40%), except for one turtle with a 

hematocrit of 43.5%.38 All turtles in this study are adult turtles, reducing the 

variability in elemental concentrations due to life stage.  

The differences in elemental concentrations between captive and wild turtles 

are due to their food source. Captive turtles are given a pelleted food that is a mixture 

of animal and plant protein products, with sodium selenite added as a dietary 

supplement. Consequently, the concentration of Se in the pelleted food was about 3 to 

9 times higher than the samples of algae from Kapoho Bay and captive turtles had 

significantly greater concentrations of Se in their blood and scute than wild turtles. 

This difference in Se concentrations was also seen in loggerhead turtles in a study by 

Camacho et al. (2014) studying the differences in elemental concentrations at the 

beginning of a stay in captivity for rehabilitation and at the end before release. The 

loggerhead turtles had significantly higher concentrations of Se when released from 

captivity.39 However, the concentrations of Se in the present study are likely not of 

concern when compared to established avian toxicity reference values.  Adequate Se 

concentrations in the whole blood of avian species ranges from 130 ng/g to 200 ng/g, 

sublethal effects such as weight loss and alopecia are seen at 900 ng/g and 

concentrations of 12,000 to 16,000 ng/g cause death.36,40 Most sea turtle populations 
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have adequate blood Se concentrations, with a couple populations including green sea 

turtles in San Diego Bay and Boyne River Estuary at or above concentrations where 

sublethal effects are seen in birds (Figure 2.2).  

Another essential element, Cu, was 11 times and 3 times greater in peletted 

food then G. Salicornia and Amansia spp., respectively.  Due to the high 

concentrations of Cu in the pelleted food, scute Cu concentration was significantly 

greater in the captive turtles than the wild turtles. However, blood Cu concentrations 

were similar between the two groups. This is because Cu is regulated in the blood 

through excretion.6 The similar blood Cu concentrations between the two groups, 

despite their major differences in exposure, indicates that sea turtles can regulate blood 

Cu concentrations. High concentrations of Cu led to increased sequestration of Cu in 

the scute as seen in the captive turtles. Aquarium and zoo managers likely do not need 

to worry about Cu in the turtle’s food source due to their ability to manage blood Cu 

concentrations.  

While Se and Cu are essential elements for living things, the difference in toxic 

elements are also due to the turtle’s food source. Vanadium, As, Cd and Pb were all at 

greater concentrations in both the algae samples than the pelleted food and Ni was 

highest in the Amansia spp. followed by the pelleted food. Similarly, these elements 

were all at greater concentrations in the blood of wild turtles than captive turtles.  

It is necessary to compare measured concentrations to toxicity reference values 

in related species because toxicity reference values do not exist for green sea turtles. 

All sea turtle populations considered in Figure 1 have blood V concentrations greater 



Texas Tech University, Katherine R. Shaw, May 2019 

29 
 

than background levels in humans (0.05 ng/g ww) but less than the maximum V seen 

in the blood of osprey from polluted Chesapeake Bay (54 ng/g ww).41,42 Cadmium 

concentrations in all the populations are very similar, and all well below 260 ng/g ww 

which is associated with toxic effects.43 A Pb concentration of 200 ng/g is considered 

background levels in birds, and 500 ng/g is considered clinical poisoning.36 All 

populations are well below these levels except turtles from San Diego Bay, CA. 

Arsenic concentrations were highest in turtles from Boyne River Estuary in Australia, 

above ~600 ng/g ww, which is considered potentially toxic in humans.42 Blood Ni 

concentrations of 3 ng/g ww to 7 ng/g ww is considered background in humans.42 Sea 

turtles at SLPH and Kapoho Bay were above these concentrations, but toxicity 

reference values are unknown. Reference values for other species cannot always be 

extrapolated to sea turtles. In the case of Pb, As and Se, sea turtles may have a higher 

tolerance to these elements than avian species or humans because the populations with 

higher concentrations of these elements are considered healthy.  

Though elemental concentrations in the diet played the largest role in 

differences between captive and wild turtles, sex is also a contributing factor for 

elemental differences within each group. Female captive turtles had greater 

concentrations of lead in their scute than the male turtles. When females lay eggs, 

calcium (Ca) is mobilized from the bone for eggshell formation. Lead mimics Ca and 

is stored in and mobilized from bone following the same kinetics as Ca.44 For 

example, blood Pb concentrations in leatherbacks have been shown to increase as the 

nesting season progresses.45 In the wild, female turtles do not feed during the nesting 
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season; their energy is supplied from fat stores.46 One hypothesis to explain the greater 

scute lead concentrations in these captive female turtles is that as Ca or Pb was 

mobilized from bones, blood Pb concentrations increased. Unlike wild turtles, the 

captive turtles would continue to eat during the nesting season, and continue to be 

exposed to Pb and Ca. While some of those nutrients would be put into developing 

eggs, excess Pb could be stored in scute.  

Four elements in captive turtles’ scute, V, Cu, Cd and Pb, and one element in 

the wild turtles’ blood, Se, were correlated with SCL. Larger turtles have higher 

concentrations of these elements. This suggests older, larger turtles have accumulated 

more V, Cu, Cd, or Pb in their scutes. The TTF for selenium in the blood of wild 

turtles was >1, indicating Se has the potential to bioaccumulate. This is seen in the 

correlation between SCL and blood Se, with larger turtles having greater blood Se 

concentrations.  

All of the metals found in the captive and wild turtles in this study are similar 

to or less than concentrations found in turtles around the world (Figure 2.1). It is 

important to establish baseline concentrations of elements in sea turtles to help 

understand when elements are elevated and potentially toxic to the organism. Captive 

sea turtles are not the best population for establishing baseline concentrations for 

elements. Sea Life Park Hawaii and other aquaria or rehabilitation centers feed captive 

sea turtles a diet very different than their natural prey. In the case of Sea Life Park, the 

pelleted food they consume has greater concentrations of some elements than the wild 

turtles’ food source, and thus their tissues have greater concentrations.  Baseline 
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concentrations for some elements may be better established in healthy, wild 

populations living in relatively unpolluted areas. 

Supplementary Information 
 

Table 2.5: Detection limit (ng/g) and % recovery of standard reference materials. 

Element Detection 
Limit 

Seronorm 
% 

Recovery  

DOLT 5 
% 

Recovery  

Water 
Spike % 

Recovery 

Algae 
Spike % 

Recovery  
Co 0.02 109 109 93 107 
Cu 0.04 125 105 90 116 
Se 0.39 112 113 107 110 
Sr 0.21 128 171 118 104 
Sb 0.14 179 113 102 104 
V 0.14 110 90 91 106 
As 0.17 126 112 101 95 
Cd 0.04 113 106 96 112 
Cr 0.07 51 112 90 104 
Ni 0.07 114 117 102 100 
Pb 0.29 117 128 113 96 
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Table 2.6: Health and body information for individual sea turtles. 

ID Category Location Year 
Re-

capture 
SCL 
(cm) 

Weight 
(lbs) 

Tumor 
Score Sex PCV 

Emaciation 
Code 

Flipper 
Amputated 

Fish 
Hook 

Boat 
Impact 

Carapace 
Damaged 

Fishing 
Line 

Shark 
Attack 

W Captive Sea Life 
Park Hawaii 2012 - 78 - 0 M 39.5 0 N N N N N N 

E Captive Sea Life 
Park Hawaii 2012 - 94.5 - 0 F 43.5 0 N N N N N N 

A Captive Sea Life 
Park Hawaii 2012 - 80.5 - 0 M 37 0 N N N N N N 

K Captive Sea Life 
Park Hawaii 2012 - 82.8 - 0 F 34 0 N N N N N N 

L Captive Sea Life 
Park Hawaii 2012 - 77.6 - 0 F 33 0 N N N N N N 

J Captive Sea Life 
Park Hawaii 2012 - 77.9 - 0 M 35 0 N N N N N N 

4414642E78 Wild Kapoho 
Bay, HI 2011 N 77.4 162 0 M 34.5 0 N N N Y N Y 

4414541222 Wild Kapoho 
Bay, HI 2011 N 77.5 150.7 0 U 42 0 N N N N N N 

4414403833 Wild Kapoho 
Bay, HI 2011 N 77.2 154.5 0 U 34 0 N N N N N N 

44130D7C3
1 Wild Kapoho 

Bay, HI 2011 N 83.4 197 0 F 33 0 N N N N N N 

470C7B325
B Wild Kapoho 

Bay, HI 2011 Y 80.1 180.2 0 M 36 0 N N N N N N 

443A113D4
1 Wild Kapoho 

Bay, HI 2015 Y 84.4 184.5 0 F 36 0 N N N N N N 

44545D612
B Wild Kapoho 

Bay, HI 2015 Y 76.2 147 0 M 29 0 N N N N N N 
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Table 2.7: Elemental concentrations in scute for individual sea turtles. 
  Co Cu Se Sr Sb V As Cd Cr Ni Pb 

W 2.78 789 256 6920 DL 420 19.5 9.72 209 154 DL 
E 91.1 1720 371 18600 DL 1,170 143 37.5 4,600 764 49.4 
A 2.66 1290 361 8000 DL 509 16.2 15.5 141 190 DL 
K 1.93 1270 339 7680 DL 481 DL 10.9 145 183 32.1 
L DL 928 143 6620 DL 352 DL DL 132 236 DL 
J 14.7 846 366 7060 DL 363 DL 7.93 104 150 DL 

4414642E78 3.93 257 147 6840 DL 190 135 19.8 78.2 117 26.8 
4414541222 3.66 267 80.6 5420 DL 281 183 15.2 131 270 52.1 
4414403833 7.24 228 67.6 4780 DL 78.4 123 11.8 104 88.6 DL 
44130D7C31 4.76 279 128 9120 DL 140 138 14.7 49.7 129 DL 
470C7B325B 2.48 232 126 3450 DL 98.8 143 11.1 33.5 102 32.1 
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Table 2.8: Elemental concentrations in blood for individual sea turtles. 
  Co Cu Se Sr Sb V As Cd Cr Ni Pb 

W 3.08 560 593 401 DL DL 25.3 DL DL 26.6 26.6 
E 4.93 651 369 1,510 DL DL 63.7 3.79 DL 18.7 DL 
A 2.77 722 557 417 DL DL 19.1 3.59 DL 26.2 23.6 
K 5.01 636 407 889 DL DL 21.7 2.50 DL 28.8 34.6 
L 3.51 726 366 972 DL DL 19.1 DL DL 32.1 41.8 
J 4.71 814 538 544 DL DL 23.9 2.56 DL 24.8 DL 

4414642E78 5.76 717 137 854 DL 26.0 68.7 5.13 DL 78.6 90.2 
4414541222 3.79 679 98.8 568 DL 19.0 38.9 3.24 DL 54.6 55.3 
4414403833 2.41 766 86.0 822 DL 8.91 31.3 5.12 DL 46.8 39.6 
44130D7C31 9.22 542 105 533 DL 23.6 31.6 5.41 DL 64.3 122 
470C7B325B 8.47 755 187 619 DL 29.3 82.5 4.02 DL 107 46.1 
443A113D41 3.13 719 247 833 DL DL 67.0 15.0 DL 66.4 85.8 
44545D612B 7.75 736 78.8 631 DL 11.6 20.7 5.17 DL 58.7 46.5 
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CHAPTER III  

IMPACTS OF LEAD SHOT FROM SKEET SHOOTING RANGE 
ON GREEN SEA TURTLES (CHELONIA MYDAS) IN KAILUA 

BAY, OAHU 

 

Introduction 
 

Lead (Pb) is a naturally occurring mineral that has been widely used since its 

discovery in 3500 BC.1 Its use in pipes, leaded gasoline, shotgun pellets and paint has 

resulted in its widespread occurrence in the environment. Children are typically 

exposed to lead through lead-contaminated dust and lead-based paint in older 

buildings, but adults and children may also be exposed through contaminated air, soil 

or water.2 Lead can affect every organ and system in the body, with the main target 

being the nervous system.3 There is no safe level of lead in children; however, the 

Centers for Disease Control recommends public health action be taken when blood 

lead levels reach 5 µg/dL or above.4    

The primary source of Pb in waterfowl and most bird species is lead shot.5 

Toxicity of Pb shot to waterfowl has been well established. Due to the dangers of lead 

shot to waterfowl, Pb ammunition has been banned for the hunting of waterfowl in the 

United States since the 1991-1992 season but is still legal for hunting other game and 

for target shooting. Due to recent studies highlighting the impacts of lead shot on the 

environment, ecologists have been recommending a complete ban on Pb shot. 

California will be the first state to completely ban Pb shot in 2019.  
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Lead shot is primarily comprised of four metals: lead (97%), arsenic (As, 

0.1%-0.2%), tin (Sn, 0.1%) and antimony (Sb, 0.5% - 6.5%).6 In soil lead shot will 

undergo oxidation, carbonation and hydration, allowing the pellets to dissolve and 

enter the environment. There are two stages in the breakdown of Pb shot pellets. First, 

corrosion products are formed during the initial weathering process forming a crust 

around the pellet. This is followed by the interaction of those corrosion products with 

the soil colloids and soil solution. The weathering rate of Pb shot pellets is 

approximately 1% per year. Weathering is enhanced by conditions such as high 

humidity, temperature and rainfall commonly found in tropical and subtropical 

locations. Shooting ranges accumulate high densities of pellets and due to the 

weathering of Pb shot, the ranges contain highly contaminated soil.7 Shooting ranges 

with soil Pb concentrations up to 54,000 mg/kg excluding pellets have been recorded.8 

This results in Pb accumulation in the soil, water and plants in the surrounding area.  

The Honolulu Skeet Club was located in the Kaimalino neighborhood on the 

windward side of O`ahu, HI and was active between 1933 and 1956 (Figure 3.1).  
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Figure 3.1: Location of the skeet shooting range. A) O`ahu in the Hawaiian Islands. B) 
Kailua Bay on the windward side of the island of O`ahu. C) Location of the Honolulu 
Skeet Club skeet shooting range and Kailua Bay. 
 

The club consisted of four shooting ranges, each with a 40-yard radius, 

stretching a total of 320 yards along the beach. Greater than 500,000 pounds of skeet 

shot is estimated to have been deposited over the years, with a majority of it offshore.9 

After the closure of the club, the area was filled with graded topsoil and paved with 

asphalt and developed into 60 residential lots. Layers of Pb shot are still visible today 

in the sand, tidepools along the coastline, and on the seafloor. Hawaii Department of 

Health warning signs at public access points currently advise that Pb and As found in 

pellets may be harmful to children if swallowed. Pellets were removed from the sand 

and rocky tide pools in 2009 in a cleanup costing approximately $50,000 in an effort 

A 

B 
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to prevent children from coming into contact with the Pb pellets. However, after each 

storm event more pellets are exposed causing additional pellets to accumulate in the 

sand, rocky tidepool, and ocean floor. In addition to the potential risk to human health, 

wildlife living and foraging in the area are at risk of Pb poisoning including an 

important herbivorous species, the threatened Hawaiian green sea turtle (Chelonia 

mydas).  

Green turtles studied since 2000 along the shoreline of the Kaimalino 

neighborhood at the mouth of the Kawainui Marsh are highly resident, with 75% of 

turtles re-captured during sampling events spanning three years, 2011-2013. This high 

site fidelity suggests that turtles may serve as good bioindicators of contaminants in 

Kailua Bay, having stayed in the area for a long period of time potentially 

accumulating Pb from the area.  

This study aims to quantify Pb and As concentrations in the water, sediment, 

and algae in the Kaimalino neighborhood beach and Kailua Bay to trace these 

elements through the ecosystem. Blood and scute samples were taken from 33 green 

turtles from Kailua Bay to determine if Pb from the skeet shooting range is 

accumulating in fauna living in the bay. This is the first study to investigate the 

impacts of lead shot on a threatened sea turtle species. The large sample set and range 

of sea turtle sizes will provide a clear understanding of the effects of Pb shot on this 

population.  
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Methods 

Sample Collection 
 

Samples were taken from live green sea turtles in Kailua Bay in 2011, 2012, 

and 2013 to be deposited into the Biological and Environmental Monitoring and 

Archival of Sea Turtle Tissues (BEMAST) specimen bank.10 Blood and scute samples 

were taken from 33 turtles captured once (2011-2013). Nine additional turtles were 

captured twice, in 2012 and 2013; one turtle in 2011 and 2013 and one turtle in 2011 

and 2012.  Turtles were brought ashore to one of two locations, the Scherman 

residence located to the south of the canal opening or the Perry residence located to 

the north east of the canal, for blood and scute sampling following established 

BEMAST protocols.10 Blood was drawn within 15 minutes of capture using double-

ended needles into BD Vacutainer glass sodium heparin blood collection tubes. Blood 

was kept cool until it was brought back to the lab. Hematocrit was measured using 

centrifugation of capillary tubes containing whole blood. Whole blood aliquots were 

transferred using glass pipettes cleaned with 3% HNO3 to cryovials and stored at -

80°C until digestion.  Scute samples were taken according to the Balazs method.10 

This process uses the 5th central scute. It was cleaned with a plastic scrubbing pad to 

remove sloughing keratin and epibiotic organisms and rinsed with isopropanol and 

Millipore water. The top layer of keratin was shaved off and discarded. The next 

layers of keratin (< 2.0 mm) were shaved off with a knife and collected in a Teflon 

bag. Scute samples were homogenized with mortar and pestle at room temperature, 

split into aliquots, and stored at -80°C. Blood and scute samples were shipped from 
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the BEMAST specimen bank in Charleston, SC to Texas Tech University in Lubbock, 

TX for analysis.  

 Algae, sediment and seawater samples were collected from Kailua Bay while 

snorkeling in October 2017. Seawater samples were collected by opening a sterile 50 

mL centrifuge tube approximately 2 feet underwater until filled, then capped 

underwater. Sediment and algae samples were taken in Ziploc bags. Sediment samples 

were collected from the top layers of the sediment by turning bags inside out and 

taking a handful of sediment. Bags were turned right side out and sealed while 

underwater and brought to the surface. Three known diet items (algae) of sea turtles 

inhabiting this site (Acanthophora spicifera, Amansia spp., and Gracilliaria 

salicornia) were collected. Algae samples were taken by turning Ziploc bags inside 

out and taking a handful of algae and turning the bags right side out. Additional 

sediment, algae and water samples were collected from three other sites on Oahu: 

Kawainui, Kaneohe and Heiia Bay to serve as controls. Sediment and algae samples 

were collected from the Kaimalino beach and tidepools in the same manner as samples 

taken while snorkeling by walking the beach.  

Trace Element Analysis 
 

Algae, scute and blood samples were digested by a modified Small Mass, 

Affordable, Rapid, Transfer-less (S.M.A.R.T) method.11 Algae samples were oven 

dried overnight at 55°C and homogenized by mortar and pestle. Samples (0.2g) were 

combined with trace metals grade HNO3 (0.2 mL, 5.53 M), hydrochloric acid (HCl; 

0.1 mL, 0.99 M), and 1 mL 18 MΩ cm deionized water in a 15 mL centrifuge tube and 
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placed in hot water bath (Precision reciprocal shaking bath Model 66800) at 95°C 

(±5°C) for 1 hour. The samples were cooled to room temperature; 30% hydrogen 

peroxide (H202; 0.2 mL) was added, and the samples placed back in the hot water bath 

for 30 minutes. After cooling, the samples were filtered through a 0.45 µm PTFE filter 

and diluted to 10 mL.  

Whole blood samples (0.2 mL) were combined with trace metals grade HNO3 

(0.4 mL, 5.53 M), HCl (0.1 mL, 0.99 M), and 0.1 mL 18 MΩ cm deionized water in a 

15 mL centrifuge tube. The samples were vortexed, sonicated for 10 minutes, then 

placed in a hot water bath at 95°C (±5°C) for 1 hour. The samples were cooled to 

room temperature; 30% H202 (0.2 mL) was added, and the samples were vortexed and 

sonicated (10 minutes) again before being placed back in the hot water bath for 30 

minutes. An additional 0.2 mL of 30% H2O2 was added, followed by vortexing and 

sonicating before the samples were placed in the hot water bath for an additional 30 

minutes.  After cooling, the samples were filtered through a 0.45 µm PTFE filter and 

diluted to 10 mL. 

Scute samples (0.1 g) were combined with trace metals grade HNO3 (0.2 mL, 

5.53 M), HCl (0.1 mL, 0.99 M), and 0.1 mL 18 MΩ cm deionized water in a 15 mL 

centrifuge tube, sonicated for 5 minutes, and placed in a hot water bath at 90°C (±5°C) 

for 1 hour. The samples were cooled to room temperature; 30% H202 (0.1 mL) was 

added, the samples sonicated for 5 minutes and placed back in the hot water bath for 

30 minutes. After cooling, the samples were filtered through a 0.45 µm PTFE filter 

and diluted to 10 mL.  
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Sediment samples were digested according to a modified EPA method 3050B. 

An aliquot of the sediment (0.5 g) was placed in a 150 mL beaker with 10 mL water. 

Trace metals grade HNO3 (10 mL, 5.53 M) was added and the beakers placed on a hot 

plate at 95°C (±5°C) and refluxed for 15 minutes. The samples were cooled, an 

additional 5 mL HNO3 was added and the samples were refluxed for an additional 30 

minutes. Nitric acid was added in 5 mL aliquots until brown fumes were not formed 

(up to 10 mL). Samples were refluxed for two hours. Deionized 18 MΩ water (2.0 

mL) and 30% H202 (3.0 mL) were added and the samples heated until effervescence 

was minimal. An additional 8-10 mL of H202 was added in 1 mL aliquots until the 

resulting reaction was minimal. Samples were refluxed for an additional two hours, 

cooled and diluted to 100 mL, and filtered through Whatman No. 41 filter paper.  

Seawater samples acidified based on EPA method 6020A. Seawater samples 

were acidified with trace metals grade nitric acid (HNO3; 5.53 M) and diluted 1:100 

for analysis.   

 Arsenic (As), cadmium (Cd), cobalt (Co), chromium (Cr), nickel (Ni), lead 

(Pb), antimony (Sb), selenium (Se), tin (Sb), strontium (Sr) and vanadium (V) were 

analyzed via inductively coupled plasma-mass spectrometry (ICP-MS) in helium 

collision mode (Agilent 7900 ICP-MS). Analytical methods were validated using 

standard reference materials (SRM) (Seronorm™ Trace Elements Whole Blood L-3 

(REF 210313, LOT 1509408 Sero AS, Billingstad, Norway), DOLT-5 Dogfish Liver 

Certified Reference Material for Trace Metals and other Constituents, and SRM 

2711a, Montana II Soil Moderately Elevated Trace Element Concentrations). A 9-
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point calibration curve was analyzed from 0.1 – 1000 ppb with all r2 values > 0.9996.  

Continuing calibration verification standards were analyzed every ten samples to 

ensure the calibration curve remained within 10% of the known concentration.12 Lead 

isotope ratios were measured by ICP-MS. Lead isotopic standard SRM 981 (NIST, 

Gaithersburg, MD) was used to determine the accuracy of the determined isotopic 

ratios. 

Statistical Analyses 
 

Statistical tests were performed in the open-source R software using the 

NADA package for managing left censored data (nondetects). Kaplan-Meir, regression 

or order models (“centstats” function) were used to calculate central tendency and 

variance. If central tendency and variance assumptions were met, differences in 

elemental concentrations between capture years for recapture turtles and differences 

between the smallest and largest turtles were testing using ANOVA in NADA with the 

“cenmle” test. If assumptions of normality were not met, the “cendiff” function was 

used. Figures were created using R or JMP statistical software.  

Results 
  

Sea turtles were sampled in Kailua Bay between 2011- 2013 and ranged in size 

from 40.9 – 84.9 cm straight carapace length (SCL). Based on the SCL, turtles ranged 

in age from juvenile to sub-adult. Most turtles were healthy, but two turtles had 

fibropapillomatosis. Hematocrit, or packed cell volume (PCV) ranged from 11 to 41.5. 

Healthy PCV range in green sea turtles is 28-40 (SI Table 1).  
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Detection limits (DL) were 0.29 ng/g for Pb, 0.14 ng/g for Sb and 0.17 ng/g for 

As. The SRM recoveries for Pb, Sb and As in the Seronorm standard were 117%, 

179% and 126% and in DOLT 5 were 128%, 113% and 112%.  Water Spike 

recoveries were 113% for Pb, 102% for Sb and 101% for As, while algae spike 

recoveries were 96% for Pb, 104% for Sb and 95% for As. The accuracy of the lead 

isotopic ratios was 98.9% for the 206Pb/207Pb ratio. Detection limits were 0.30 ng/g for 

206Pb and 0.29 ng/g for 207Pb.  

Lead and As were found above the detection limit in all blood and scute 

samples. Antimony was not greater than the detection limit in any blood sample but 

was greater than the detection limit in 11.4% of scute samples. Blood Pb 

concentrations ranged from 29 ng/g to 936 ng/g with a mean and standard deviation of 

339 ± 184 ng/g and blood As ranged from 37 ng/g to 1960 ng/g with a mean and 

standard deviation of 313 ± 407 ng/g. Scute Pb concentrations ranged from 24 to 585 

ng/g with a mean and standard deviation of 201 ± 123 ng/g and scute As 

concentrations ranged from 114 to 1830 ng/g with a mean and standard deviation of 

512 ± 442 ng/g.  

The change in blood and scute Pb, As, and Sb were determined for all turtles 

sampled over two years (Table 3.1).  
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Table 3.1: Change in individual blood and scute Pb, Sb and As (ng/g) for ten turtles 
between years. 

  Blood  Scute 

ID Years Pb Sb As  Pb Sb As 
4601705479 2012-2013 -67.4 <DL 25.9  -111 <DL 177 
4608021627 2012-2013 112 <DL 29.0  -229 <DL 155 
413522604F 2011-2013 69.6 <DL 487  -128 <DL 85 
443A197133 2012-2013 385 <DL -14.4  -48.0 <DL 506 
445258695E 2012-2013 320 <DL 12.5  34.6 <DL 299 
45285D1A44 2012-2013 -43.6 <DL -5.2  -304 <DL 819 
470D01034B 2012-2013 73.9 <DL 761  226 24.3 320 
483A2C017D 2011-2012 -32.6 <DL -28.5  60.8 -13.3 -1650 
4A2D793C0A 2012-2013 -3.0 <DL 0.7  391 <DL -606 
4A3973601B 2012-2013 29.6 <DL 29.2  330 <DL 1040 

 
The average blood Pb concentration for these ten turtles increased by 84.4 ± 153 ng/g 

and blood As increased by 130 ± 269 ng/g. The average scute Pb for these 10 turtles 

shows an increase of 22.3 ± 233 ng/g and scute As increased by 115 ± 762 ng/g.  

Lead isotope ratio 206Pb/207Pb were determined for blood, scute and 

environmental samples (Figure 3.2).  
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Figure 3.2: 206Pb/207Pb ratio in blood, scute and environmental samples. 

 
The light grey box is 206Pb/207Pb ratio in lead shot pellets from multiple manufacturers 

and the dark grey box is 206Pb/207Pb ratio in leaded gasoline.13  Blood and scute 

samples have a much smaller range of 206Pb/207Pb ratio than the environmental 

samples.  

Linear regression analyses were conducted to determine if blood Pb or blood 

As was related to SCL, weight, site of capture or year of capture. Blood Pb was 

significantly correlated with site of capture (p=0.00027, R2= 0.2675, Figure 3.3).   
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Figure 3.3: Blood Pb concentrations in turtles sampled at two different sites in 
Kailua Bay, the Perry and Scherman residences. 
 

Mean blood Pb concentration at turtles sampled at the Perry residence was 427 ng/g 

while mean blood Pb concentration of turtles sampled at the Scherman residence was  

238 ng/g. Arsenic concentrations were not significantly different between the two 

sampling sites (p=0.4003). Furthermore, blood Pb was also correlated with year of 

capture (p=0.0412, R2= 0.1411, Figure 3.4). 



Texas Tech University, Katherine R. Shaw, May 2019 

52 
 

 

Figure 3.4: Blood Pb concentrations in turtles sampled in 2011, 2012 and 2013. 
 
The greatest blood Pb concentration occurred in turtles sampled in 2013. Blood Pb 

was not correlated with SCL or weight. Blood As was not correlated with weight, site 

of capture, or year of capture, but was significantly correlated with SCL (p=0.052, R2= 

0.0853). Linear regression analyses were also performed to determine if scute Pb or 

As was related to SCL, weight, site of capture or year of capture. None of theses 

analyses were significant (all p>0.05).  

Algae Pb concentrations at reference sites ranged from <DL to 0.225 mg/kg. 

Three Acanthophora spicifera samples taken at Kaneohe Bay (n=2) and Sandbar (n=1) 
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all had Pb<DL. Only Gracilliaria salicornia sampled at Heeia (n=1) and Marker 12 

(n=3) had Pb >DL (Figure 3.5).  

 

Figure 3.5: Pb, As and Sb in algae samples at reference sites. 

 
Arsenic concentrations ranged from 4.33 mg/kg to 50.2 mg/kg. The highest As 

concentration was found in Acanthophora spicifera.  

The greatest Pb, As and Sb concentrations occurred in samples taken from 

Kailua Bay (Figure 3.6).  
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Figure 3.6: Pb, As and Sb in algae samples at Kaimalino and Kailua Bay. 

 
Sediment Pb, As and Sb concentrations were much greater than concentrations found 

in algae samples. Sediment lead concentrations at reference sites ranged from <DL to 

54.3 mg/g and As ranged from <DL to 19.54 mg/kg (Figure 3.7).  
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Figure 3.7: Pb, As and Sb in sediment samples at reference sites. 

 
All reference sites had Sb concentrations <DL.  

The greatest Pb concentrations were seen in samples containing visible lead 

shot pellets; Small skeet and Lead Shot Pile (Figure 3.8).  



Texas Tech University, Katherine R. Shaw, May 2019 

56 
 

 

Figure 3.8: Pb, As and Sb in sediment on Kaimalino and Kailua Bay. 

 
These samples also had the greatest Sb concentrations. The second greatest Pb 

concentrations were found in sand samples at “Near Tree”. Samples were taken from 

the “Channel-Reef Ledge” because sea turtles are known to rest on the seafloor under 

the reef ledge in this area.  
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Blood Pb and As concentrations were compared to sea turtle populations 

around the world (Figure 3.9).14–17  

Figure 3.9: Blood As and Pb concentrations (ng/g) in green sea turtles around the 
world. 

Arsenic 

Lead 
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Horizontal lines represent background Pb concentrations in birds (200 ng/g) and blood 

Pb concentration signifying clinical poisoning in birds (500 ng/g).18 Kailua Bay turtles 

had Pb concentrations greater than all other sites except San Diego Bay turtles, who 

had the highest blood Pb concentrations. Blood As concentrations in these turtles were 

similar to most other populations considered.  

Discussion 
 

Sea turtles from Kailua Bay are juvenile and sub-adult turtles. Most of the 

turtles are considered “healthy”, though emaciation, missing flippers, and 

fibropapillomatosis were noted in a few of the turtles (SI Table 2).  

 Sea turtles resident to Kailua Bay were found to have elevated blood lead 

concentrations compared to green turtles from other locations around the world, with 

the exception of San Diego Bay (Figure 9). Over 75% of the turtles in Kailua Bay 

(34/45) have blood Pb concentrations >200 ng/g (background Pb concentration in 

birds) and 13.3% (6/45) have blood Pb >500 ng/g, the cutoff for clinical Pb poisoning 

in birds. The turtles in Kailua Bay, however, do not exhibit signs of Pb poisoning. 

Signs of suspected lead poisoning in one snapping turtle (Chelydra serpentine) include 

depression and weakness.19 These were not noted in Kailua Bay turtles. Lead can pose 

a serious threat to the survival of a species by causing egg infertility and changes in 

growth, behavior and survival of turtles.20 Kailua Bay turtles are all juveniles or sub-

adults thus possible effects of lead on their reproductive success cannot be determined. 

San Diego Bay turtles also do not have reported signs of Pb toxicosis, and their 

nesting and hatching success is unknown. A significant negative correlation has been 
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found between tortoise blood lead concentrations and δ-ALAD activity.21 Future 

studies should include δ-ALAD activity to help determine if lead toxicosis is 

occurring.  

 Lead, As and Sb concentrations were determined in ten turtles sampled in two 

different years (Table 1). Negative numbers show a decrease in the element from one 

year to the next. This can occur in blood samples because blood shows recent 

exposure over the past days to months. In humans, Pb stays in the blood for about one 

month before it is distributed to soft tissues and bone. Depending on when the sea 

turtle was last exposed to Pb or As, the concentrations in an individual may appear to 

decrease between years, even if their exposure has not decreased. A similar situation 

occurs with scute because sea turtles will slough off layers of scute over time. 

Depending on the pattern of scute growth, and what layers of scute are sampled, 

turtles may appear to have lowered concentrations from year to year even if their 

exposure has not decreased. Two samples is likely not enough time points to 

determine a trend in an individual.   

 Lead concentrations in the blood of turtles sampled at the Perry residence was 

significantly greater than turtles sampled at the Scherman residence. Turtles sampled 

in 2011 were only brought to the Scherman residence, but turtles were brought to both 

locations in 2012 and 2013. Samples were taken on three consecutive days in 2012, 

July 10-12 with samples processed at the Perry residence on July 10-11 and at the 

Scherman residence July 12. Similarly in 2013, samples were processed on July 8 at 

the Scherman residence and on July 9 at the Perry residence. The same blood tube 
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type and lot were used in 2012 and 2013 and would not account for differences. 

However, a significant difference was also seen between years. Turtles were only 

sampled at the Scherman residence in 2011, and these turtles had lower blood Pb 

concentrations than the other two years. It is possible the difference seen from 

sampling at residence sites is due to the year and not the sampling site. Furthermore, 

differences in concentrations between years may be due to a pellet cleanup event that 

occurred in 2009. The cleanup process involved removing Pb pellets from the sand 

and tide pools. However, more Pb pellets are exposed after every storm event, 

washing additional pellets down the beach into the tide pools and offshore (personal 

communication Kailua resident, October 2017). This increase in mean blood Pb 

concentrations of the turtles in Kailua Bay from 2011-2013 may be due to more lead 

pellets being washed offshore each year. While cleanup events such as the one held in 

2013 removed Pb pellets from the shore, preventing children from being exposed to 

the pellets for the short term, cleanup events would have to be done each year to have 

a lasting effect.  

 Kaneohe Bay (Marker 12 and A), Sandbar and Heeia were chosen as reference 

sites because they are north of the skeet shooting range and are not affected by the 

lead shot in Kaimalino because the currents flow south toward Kailua Bay. Heeia, 

while likely not accumulating Pb from Pb shot, still has large concentrations of Pb in 

the sediment. The watershed in the area drains into Heeia, bringing contaminants from 

land offshore. Within Kailua Bay, the highest Pb concentrations were seen in sediment 

in the canal. The canal likely accumulates Pb from the Pb shot from the skeet shooting 
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range and from runoff from inland areas. This is seen in the wide range of 206Pb/207Pb 

isotope data (Figure 2). The lead shot pile within the skeet shooting range, containing 

visible Pb shot pellets, had the highest concentration of Pb. This is concerning for kids 

who play in the sand along the beach, because the ingestion of sand with lead pellets 

means exposure to high concentrations of Pb. This is also concerning for animals who 

forage along the seafloor and may ingest whole pieces of lead shot. While there have 

been no documented cases of Pb shot within sea turtles, it remains a possibility that 

sea turtles can ingest Pb shot pellets and experience acute Pb poisoning.     

 Kailua Bay is an important foraging ground for sea turtles and other animals 

living in the area. This study demonstrates that Kailua Bay turtles are exposed to 

elevated concentrations of Pb and As. Though Pb concentrations found in Kailua Bay 

turtles are greater than concentrations found in turtles in other locations in Hawaii, 

concentrations are significantly lower than those found in turtles in San Diego Bay. 

Levels of Pb found in 13% of Kailua Bay turtles exceeds the threshold for Pb 

poisoning in birds, but this threshold may not be applicable to reptiles. Continued 

monitoring of this population will increase our understanding of the Pb and As loads 

of sea turtles in Kailua Bay.   
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Supplementary Information 
 

Table 3.2: Sampling data, size, weight and sex of sea turtles sampled. 

ID# Turtle ID Location Sampling 
Site Year SCL Weight Sex Recapture 

1 485339140A Kailua Bay Scherman 2011 52.4 39 U N 
2 48531D3A7A Kailua Bay Scherman 2011 56.2 58 U N 
3 470B1F572D Kailua Bay Scherman 2011 50.1 40.5 U Y 
4 485869036D Kailua Bay Scherman 2011 56.1 58.5 U N 
5 413522604F Kailua Bay Scherman 2011 61.4 65.5 U Y 
6 483A2C017D Kailua Bay Scherman 2012 49.7 40.3 U Y 
7 4601787B66 Kailua Bay Scherman 2011 50 40.5 U Y 
8 4601705479 Kailua Bay Perry 2013 56.7 53.8 U Y 
9 42346E2D7E Kailua Bay Perry 2012 64.3 82.1 U Y 
10 445258695E Kailua Bay Perry 2012 55 54.8 U Y 
11 443A197133 Kailua Bay Perry 2012 53.1 43.5 U Y 
12 4601794F15 Kailua Bay Perry 2012 58.2 64.5 U Y 
13 443A1C2318 Kailua Bay Perry 2012 53.8 48.3 U Y 
14 4A2D793C0A Kailua Bay Perry 2012 52.3 45.5 U N 
15 4A3973601B Kailua Bay Perry 2012 44.8 26.5 U N 
16 443A01721F Kailua Bay Perry 2012 60.2 63.6 U Y 
17 45285D1A44 Kailua Bay Perry 2012 55.2 48.4 U Y 
18 4603686F19 Kailua Bay Perry 2012 56.2 55.3 U Y 
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19 4608021627 Kailua Bay Perry 2012 52.6 45.3 U Y 
20 4856491A40 Kailua Bay Scherman 2012 55.9 56.3 U Y 
21 483A2C017D Kailua Bay Scherman 2011 47.6 35.5 U N 
22 48414C1277 Kailua Bay Scherman 2012 70.6 88.1 U N 
23 470D01034B Kailua Bay Scherman 2012 44.1 28.4 U Y 
24 4B1C495840 Kailua Bay Scherman 2012 69.8 113.5 U N 
25 4B1A5D2744 Kailua Bay Scherman 2012 69.7 37.5 U N 
26 443A197133 Kailua Bay Perry 2013 54.1 48.8 U Y 
27 413522604F Kailua Bay Scherman 2013 63 66.8 U Y 
28 4A3973601B Kailua Bay Scherman 2013 46.9 29.4 U Y 
29 48520D1D7C Kailua Bay Scherman 2013 56.1 51.9 U Y 
30 445258695E Kailua Bay Scherman 2013 55.8 59 U Y 
31 484F6C6A03 Kailua Bay Scherman 2013 45.2 27 U N 
32 483B44230F Kailua Bay Scherman 2013 40.9 20 U N 
33 4851697224 Kailua Bay Perry 2013 49.4 37.3 U Y 
34 424F7A7E1B Kailua Bay Perry 2013 59.4 62.9 U Y 
35 4524247D3C Kailua Bay Perry 2013 60.7 66.8 U Y 
36 4601705479 Kailua Bay Perry 2012 55.2 49.3 U Y 
37 45285D1A44 Kailua Bay Perry 2013 56.3 52.9 U Y 
38 424F236C1F Kailua Bay Perry 2013 65 85 U Y 
39 4A2D793C0A Kailua Bay Perry 2013 54.7 52.3 U Y 
40 470C676D20 Kailua Bay Perry 2013 50.1 36.5 U Y 

Table 3.2, Continued 
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Table 3.3: Health information for sea turtles sampled. 
 

ID# Turtle ID PCV Tumor 
Score Leeches Emac-

iation Barnacles 
flipper 

amputated 
(Y/N) 

fish 
hook 
(Y/N) 

boat 
impact 
(Y/N) 

carapace 
damaged 

(Y/N) 

fishing 
line 

(Y/N) 

shark 
attack 
(Y/N) 

1 485339140A - 0 N 0 2 N N N N N N 
2 48531D3A7A - 0 N 0 0 N N N N N N 
3 470B1F572D - 0 N 0 0 N N N N N N 
4 485869036D - 0 N 0 0 N N N N N N 
5 413522604F - 0 N 0 0 N N N N N N 
6 483A2C017D 37 0 N 0 0 N N N N N N 
7 4601787B66 - 0 N 0 0 N N N N N N 
8 4601705479 37 0 N 0 1 N N N N N N 
9 42346E2D7E 36 0 N 0 0 N N N N N N 

10 445258695E 35.5 0 N 0 0 N N N N N N 
11 443A197133 29.5 0 N 0 0 N N N N N N 
12 4601794F15 36 0 N 0 0 N N N N N N 
13 443A1C2318 35 0 N 0 0 N N N N N N 
14 4A2D793C0A 26 0 N 0 0 N N N N N N 

41 4841542D7A Kailua Bay Perry 2013 53 47 U Y 
42 4608021627 Kailua Bay Perry 2013 54.6 52.3 U Y 
43 48584F307B Kailua Bay Scherman 2012 80.3 134 U N 
44 48584C484A Kailua Bay Perry 2013 84.9 203.5 U N 
45 470D01034B Kailua Bay Scherman 2013 46.6 34 U Y 

Table 3.2, Continued 
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15 4A3973601B 35 0 N 0 0 N N N N N N 
16 443A01721F 32.5 0 N 0 0 N N N N N N 
17 45285D1A44 28 0 N 0 12 N N N Y N N 
18 4603686F19 36 0 N 0 0 N N N N N N 
19 4608021627 39 0 N 0 0 N N N N N N 
20 4856491A40 40 0 N 0 0 N N N N N N 
21 483A2C017D - 0 N 0 0 N N N N N N 
22 48414C1277 11 0 N 1 0 N N N Y N N 
23 470D01034B 29.25 0 N 0 0 N N N N N N 
24 4B1C495840 30 0 N 0 1 N N N N N N 
25 4B1A5D2744 31 0 N 0 1 N N N N N N 
26 443A197133 34 0 N 0 0 N N N N N N 
27 413522604F 34 0 N 0 9 N N N N N N 
28 4A3973601B 32 0 N 0 2 N N N N N N 
29 48520D1D7C 40 0 N 0 5 N N N N N N 

 

Table 3.3, Continued 
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CHAPTER IV 

ELEMENTAL CONTAMINANTS IN FEATHERS OF BONIN 
PETREL (PTERODROMA HYPOLEUCA) ON MIDWAY ATOLL 

 

Introduction 
 

Bonin petrel (Pterodroma hypoleuca) are a burrow nesting seabird that breed 

colonially in the winter. They are a small gadfly petrel found in the Northwestern 

Hawaiian Islands. The Hawaiian population nests on French Frigate Shoals, Laysan 

Island, Lisianksi Island, Pearl and Hermes Atoll, Kure Atoll and Midway Atoll in the 

Northwestern Hawaiian Islands, that lies within the Papahãnaumokuãkea Marine 

National Monument. Another population breeds in Japan on Volcano and Bonin 

Islands.1  Petrels arrive at their nesting sites in August and begin constructing nests, 

and the egg is laid in January and hatches in March. Each pair will lay only one egg, 

even if their egg is lost early on.2 The accidental introduction of black rats (Rattus 

rattus) to Midway Atoll in 1943 caused the population to drastically decline from an 

estimated 500,000 birds to 32,000 breeding pairs, though numbers have increased 

since the eradication of black rats.1,3  Bonin petrels feed on squid and mesopelagic fish 

that vertically migrate to the surface at night.1,4  

Seabirds are used as indicators of elemental contaminants in the marine 

environment because they feed at multiple trophic levels at varying distance from 

land, are long lived, and feathers can be sampled non-destructively.5,6 Metals bind to 

the sulfhydryl groups in the keratin structure of the feather while the feather is 

growing. When the feather stops growing, blood flow through the artery stops. Thus, 
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feathers represent metal accumulation only during the period of feather growth.7 

Feathers are particularly ideal for the study of mercury in seabirds because they are a 

non-invasive sampling method and are the major excretory pathway for mercury in 

birds.8 

Pelagic seabirds such as the Bonin petrel who feed on mesopelagic prey 

generally have higher mercury (Hg) levels due to methylation patterns in deep water 

with lower amounts of oxygen.8,9 Bonin petrels were found to have higher mercury 

concentrations than Christmas shearwater (Puffinus nativitatis), red-tailed tropicbird 

(Phaethon rubricauda), and wedge- tailed shearwater (Puffinus pacificus), even 

though Bonin petrels are the smallest of the four species.4 A long term study with 

feather samples revealed a 3-fold increase of Hg in North -Eastern Atlantic seabirds 

over a 100 year period, with little increase in the southern hemisphere during the same 

period.10 Feathers represent almost the entire body burden of Hg.4 Approximately 70-

93% of the body burden of Hg is stored in the feathers.8 For other metals, feathers 

represent both current exposure as well as mobilization from other tissues.4 Adverse 

effects such as reduced hatchability, reduced growth and altered behavior can be seen 

starting at 5000 ng/g Hg (dry weight) in feathers.8   

A previous study sampled Bonin petrel from Sand Island in Midway Atoll 

before 2000.4 This research serves as a follow up to that study and is the first to 

determine how elemental contaminants have changed over time. In addition, this study 

includes all ten primary feathers from six individuals to determine inter-feather 

variability within an individual.  
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Methods 

Sample Collection 
 

Bonin petrel carcasses were collected from Sand Island in Midway Atoll 

(28.2101° N, 177.3761° W), by U.S. Fish and Wildlife Service personnel in 2014 and 

2015. Only fresh and complete carcasses with no signs of decay or scavenging were 

kept. Carcasses were individually bagged and labelled and shipped frozen to the 

Oceanic Institute in Waimanalo, Oahu. All necropsies were performed by Lauren 

Fraser according to modified procedures developed by Van Franeker (2004).11 Birds 

were identified as hatch-year birds if they were born the year of collection (n= 42) or 

after hatch-year birds if they were born previous to the year of collection (n= 42). The 

first primary feather and a small bunch of breast feathers were removed from all birds 

and placed in individual bags labelled on Rite in the Rain paper with the birds’ 

individual ID. All 10 primary feathers were taken from six of the adult birds. Feathers 

were shipped to Texas Tech University for elemental analyses.  

Elemental Analyses 
 

Feathers were washed three times with 18 MΩ water, alternating with acetone 

(Fisher Scientific, Fair Lawn, New Jersey 07410, USA) and dried at 40°C overnight. 

Each feather was weighed and placed in a 15 mL sample tube. Hydrochloric acid (0.99 

M, 0.1 mL Fisher Scientific, Fair Lawn, New Jersey 07410, USA), nitric acid (5.53 M, 

0.2 mL, Fisher Scientific) and 18 MΩ water (0.1 mL) were added and the tubes placed 

in a hot water bath (Precision reciprocal shaking bath Model 66800, Precision 

Scientific, Chennai, Tamil Nadu, India 600086) at 90°C for one hour. Samples were 
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removed from the bath and let cool for 30 minutes. Hydrogen peroxide (30%, 0.2 mL, 

Fisher Scientific) was added and the samples placed back in the hot water bath for 30 

minutes. Samples were cooled and diluted to 10 mL. Eleven elements were analyzed 

for via an Agilent Technologies 7900 inductively couple plasma-mass spectrometer 

(ICP-MS) equipped with an Agilent Technologies ASX-500 Series autosampler in 

helium collision mode. An eight-point multi-element calibration standard (Inorganic 

Ventures) from 0.1 – 1000 ng/mL was analyzed at the beginning and end of every 

run and a multi element standard at 10 or 50 ng/mL run every 10 samples. Internal 

standards were added online, and samples were rerun if the recovery was outside the 

acceptable range of 80-120%. Quality assurance was conducted using method blanks 

and certified standard (DOLT-5: Dogfish Liver from National Research Council, 

Canada, Ottawa, Ontario). The instrument detection limit (IDL) was determined by 

analyzing seven replicates of the 0.1 ppb multi element standard (Inorganic 

Ventures) and multiplying the standard deviation of these replicates by the Student t-

test value (3.143).12 A method blank was digested with every group of feathers in the 

same manner as the feathers (6 samples total). All elements in the method blanks were 

<DL. Mercury was analyzed via cold vapor atomic- absorption spectroscopy (CV-

AAS). Calibration standards ranged from 0.04 to 20 ug/L and were re-run every 40 

samples. Non-gold trap mode was used for all samples. All feather concentrations are 

in ng/g dry weight. 

Fish and squid samples representative of the Bonin petrel’s diet were collected 

during trawls off the Northwestern Hawaiian Islands. Fish samples were identified as 
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lanternfish belonging to the Myctophidae family, hatchetfish belonging to the 

Sternoptychidae family and one unknown fish species. Two types of squid were 

analyzed. Samples were weighed and measured and digested in a similar procedure to 

the feathers. Briefly, samples were placed in 15 mL centrifuge tubes with 1.5 mL HCl 

(0.99 M), 1.5 mL H20, and 2.5 mL HNO3 (5.53M), then placed in a hot water bath at 

90°C for one hour. The tubes were cooled and 2.5 mL H2O2 was added and the tubes 

placed back in the hot water bath for 30 minutes. After cooling the samples were 

filtered through a Whatman 0.45 µm filter and diluted to 50 mL.  

Statistical Analyses 
 

All statistical analyses were performed using the statistical program R (version 

3.2.3, The R foundation for Statistical Computing, Vienna, Australia) and the 

Nondetects and Data Analysis for Environmental Data (NADA) package which is 

recommended for left censored data 13. Kaplan-Meier (K-M) or regression on order 

statistical (ROS) models were used to calculate the mean, median and standard 

deviation (SD). Shapiro-Wilk and Bartlett tests were used to test normality and 

homoscedasticity of data. Parametric (using the R NADA function “cenmle”) or 

nonparametric (using the R NADA function “cendiff”) tests were performed to 

determine concentration differences between after hatch year birds and hatch year 

birds and male vs female in both breast and 1st primary feathers.   

Results 
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Twelve metals were above detection limit (DL) in the feather samples (Table 

4.1) 
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Table 4.1: Mean ± SD (range) of elements in breast and primary feathers in ng/g. The 
number of feathers over the Limit of Detection is indicated by n>LOD. 
 

Strontium was found at the greatest concentration in both breast and primary feathers. 

Elements in the breast feathers of all birds from greatest to least were 

 Breast Feathers  1st Primary Feather 
  After Hatch Year Hatch Year  After Hatch Year Hatch Year 
 Mean n>LOD Mean n>LOD  Mean n>LOD Mean n>LOD 

Co 64.5 ± 82 42 46.8 ± 27.5 42  24.3 ± 17.4 42 29.2 ± 27.0 42 
 (8.4 - 483)  (12.1 - 118)   (5.0 - 81.7)  (7.0 - 137)  

Cu 7990 ± 1100 42 6920 ± 2020  42  6870 ± 1290 42 4630 ± 1050 42 
 (4940 - 

11,800) 
 (2850 - 

15.000) 
  (5150 - 

12100) 
 (2460 - 

6660)  
Se 7700 ± 1540 42 3310 ± 914 42  14000 ± 

1950 42 6330 ± 1750 42 
 (4330 - 

12,000) 
 (1800 - 7280)   (8170 - 

19500) 
 (3990 - 

11700)  
Sr 9710 ± 5770 42 23200 ± 

27600 42  12000 ± 
7390 42 10900 ± 

7610 42 
 (3980 - 

25,300) 
 (4220 - 

180,000) 
  (5070 - 

37200) 
 (1580 - 

38500)  
As 7700 ± 1540 41 3310 ± 914 42  162 ± 288 42 285 ± 192 42 

 (<DL - 719)  (105 - 1020)   (63.2 - 
1970) 

 (111 - 864) 
 

Cd 83.3 ± 62.5 42 46.3 ± 46 40  49.8 ± 59.7 42 35.5 ± 113 22 
 (23.1 - 307)  (<DL - 192)   (12.3 - 392)  (<DL - 740)  

Cr 117 ± 144 30 353 ± 941 36  62.7 ± 184 11 121 ± 410 9 
 (<DL - 678)  (<DL - 5820)   (<DL - 867)  (<DL - 

2390)  
Hg 9880 ± 4710 42 2130 ± 953 42  8800 ± 3450 42 1470 ± 705 42 

 (457 - 
16,000) 

 (241 - 6050)   (1740 - 
14300) 

 (181 - 2880) 
 

Ni 1480 ± 2600 42 714 ± 898 42  579 ± 555 42 461 ± 507 42 
 (192 - 

15,000) 
 (173 - 5090)   (79.2 - 

2350) 
 (91.1 - 3150) 

 
Pb 1100 ± 1710 41 1120 ± 2090  42  954 ± 1230 40 558 ± 818 37 

 (<DL - 8240)  (74.3 - 
13,200) 

  (<DL - 
6860) 

 (<DL - 
4290)  

Sb 22.8 ± 25.7 21 20.5 ± 23.7 14  - 2 - 1 
 (<DL - 125)  (<DL - 112)   (<DL - 46.7)  (<DL - 355)  

V 107 ± 68.6 42 81.9 ± 43.3 42  119 ± 57.4 42 60.1 ± 25.0 32 
 (41.1 - 307)  (34.4 - 226)   (56.2 - 312)  (<DL - 138)  
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Sr>Cu>Hg>Se>Pb>Ni>As>Cr>V>Co>Sb and in the 1st primary feather of all birds 

were Sr>Se>Cu>Hg>Pb>Ni>As>V>Cr>Cd>Co. More than 80% of 1st primary 

feathers had Sb concentrations <DL so the mean Sb concentration is not included in 

the list. 

 Differences in elemental concentrations between hatch-year and after hatch-

year birds was determined using the “cendiff” and “cenmle” functions in the R NADA 

package. In breast feathers, Cu, Se, Cd, Hg and Ni were at significantly greater 

concentrations (p< 0.05) in after hatch-year birds than hatch-year birds, while Sr and 

Cr were greater in hatch-year birds. In the 1st primary feather, Cu, Se, Cd Hg, Pb and 

V significantly greater (p< 0.05) in after hatch-year birds while As was significantly 

greater in hatch-year birds.  

 The “cendiff” and “cenmle” functions in the R NADA package were also used 

to determine if sex plays a role in element concentration in breast or 1st primary 

feathers. No correlation was found in hatch-year birds for any of the elements. In after 

hatch-year birds Sr was significantly correlated to sex in breast feathers, with males 

having a mean concentration (12,000 ± 6,950 ng/g) greater than females (7,820 ± 3,790 

ng/g). Only one element in the 1st primary feather was related to sex. Cadmium was greater in 

male Bonin petrels (51.8 ± 26.2) than female Bonin petrels (48.2 ± 77.9).  

 All primary feathers (P1-P10) were taken from the wings of six birds. In 

general, Se increased with increasing primary feather and Hg concentrations decreased 

with increasing primary feather (Figure 4.1).  

   



Texas Tech University, Katherine R. Shaw, May 2019 

76 
 

Figure 4.1: Se and Hg concentrations in all ten primary feathers from six Bonin 
Petrels. 
 
R2 values ranged from 0.006 to 0.94 for Se and from 0.11 to 0.86 for Hg.  
 

Six elements in the breast feathers of after hatch-year birds and hatch-year 

birds were compared to a study conducted by Burger and Gochfeld (Table 4.2).6  
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Table 4.2: Concentrations (ng/g) in breast feathers of after hatch-year and hatch-year 
birds collected before 2000 (Burger and Gochfeld) and in 2014-2015. 
 
 Before 20006  2014 - 2015 

 After hatch-year Hatch-year  After hatch-year Hatch-year 
Se 7850 ± 213 4860 ± 220  7700 ± 1540 3310 ± 914 
As 59.5 ± 20.6 107 ± 26.1  222 ± 128 247 ± 150 
Cd 129 ± 28.7 103 ± 15.3  83.3 ± 62.5 46.3 ± 46 
Cr 1620 ± 69.5 2110 ± 128  117 ± 144 353 ± 941 
Hg 19700 ± 1080 3870 ± 315  9880 ± 4710 2130 ± 953 
Pb 1350 ± 291 802 ± 164  1100 ± 1710 1120 ± 2090  

 

Selenium, Cd, Cr and Hg concentrations decreased in both after hatch-year and hatch-

year birds from 2000 to 2014/2015. Arsenic concentrations increased in both after 

hatch-year and hatch-year birds between the years and Pb increased in hatch-year 

birds. Some hatch-year and after hatch-year birds exceed the effects level cutoff value 

of 4,000 ng/g for Pb and 5,000 ng/g for Hg (Figure 4.2).   

Figure 4.2: Pb and Hg concentrations (ng/g) in hatch-year and after hatch-year Bonin 
petrels. The grey box is the mean ± 1 standard error. The vertical lines represent the 
range of concentrations in the feathers. The horizontal red line is an approximate 
effect level. 
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The highest concentrations of Pb, Cd, As, Cu and Ni occurred in the two squid species 

(Table 4.3).  

Table 4.3: Mean ± standard deviation (ng/g) of fish and squid. 

  Lanternfish Hatchetfish Unidentified 
Fish Squid 1 Squid 2 

  n= 15 n= 5 n= 1 n= 6 n= 2 
Co 5.48 ± 1.95 2.03 ± 0.25 6.1 19.1 ± 8.12 6.71 
Cu 564 ± 281 197 ± 18.2 214 5020 ± 2400 1020 
Se 659 ± 227 522 ± 119 124 877 ± 241 222 
Sr 15400 ± 4240 15000 ± 2390 15800 3130 ± 258 1570 
As 506 ± 86.2 409 ± 33.7 534 2310 ± 227 1390 
Cd 67.2 ±  15.5 25.3 ± 4.78 88.4 2550 ± 565 286 
Cr 19.3 ± 15.8 9.51 ± 7.05 19.5 13 ± 3.99 24.5 
Ni 111 ± 38.1 102 ± 20.6 79.7 392 ± 259 221 
Pb 12.1 ± 12.9 - 13.4 51.1 ± 5.15 45.9 
Sb <DL <DL <DL <DL <DL 
V 60 ± 67.3 25.3 ± 7.66 134 10.6 ± 14.5 25 

Only one hatchetfish had a Pb concentration (5.9 ng/g) greater than the DL.  

Discussion 
 

Papahãnaumokuãkea Marine National Monument was established in 2006 and 

is one of the largest marine conservation areas in the world. Midway Atoll in the 

Northwestern Hawaiian Islands is the nesting site of nearly 2 million birds from 19 

different species.14 Bonin petrel are numerous on Sand Island during the nesting 

season and easily sampled, making them an ideal species to use as a bioindicator. 

Furthermore, many Bonin petrel die naturally due to collisions with human structures 

making them easy to collect carcasses opportunistically.2 

 The differences in elemental concentrations between hatch-year and after 

hatch-year birds is thought to be due to age.4 Of the elements that differed 
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significantly between the two age classes, in breast feathers 5 out of 7 elements were 

greater in adults and in the 1st primary feather 6 out of 7 elements were greater in 

adults. Only Sr and Cr were greater in hatch-year birds breast feathers and As greater 

in hatch year chicks 1st primary feather. Other studies have noted Cr and As to be at 

higher concentrations in hatch-year birds as well.4  Mercury is well known to 

bioaccumulate with age in birds, as seen in this study with after-hatch year birds 

having on average 6 times more mercury in the 1st primary feather and 5 times more 

mercury in breast feathers than hatch-year birds.  

Elemental concentrations in breast feathers from this study were lower, with 

the exception of As, compared to breast feathers from Gochfeld et al. 1999.4 Mercury 

concentrations in after hatch-year birds were one order of magnitude lower in this 

study. In the study by Gochfeld et al., all after hatch-year birds had Hg concentrations 

above 5,000 ng/g, while in this study only 79% of adult birds are above that 

concentration. Feather Hg concentrations of 5,000 ng/g are associated with overall 

decreased reproductive success and other reproductive deficits like decreased chick 

survival, lower hatching rate and smaller egg size and clutch size.6 Only 1 hatch-year 

bird had Hg concentration in its breast feathers over 5,000 ng/g. However, the young 

of a species are typically more sensitive to elemental contaminants such as Hg than 

adults.15   

Though Hg concentrations in Bonin petrels are high, animals have a method of 

lowering Hg toxicity through Se. Selenium can have a protective effect on Hg by 

forming Hg:Se complexes.16 For example, quail fed Se in diets containing toxic levels 
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of Hg had reduced mortality than those fed diets with Hg and no Se.17 The 10 primary 

feathers from 6 birds examined in this study had Hg concentrations that, in general, 

decreased with increasing feather number (Figure 4.1). Primary feathers are grown in 

order from 1st primary to 10th primary. Birds excrete almost all of their Hg burden into 

their feathers, starting with the 1st primary feather, thus explaining why the 1st primary 

feather has the highest Hg concentrations.8,18 Conversely, Se concentrations generally 

decreased with increasing primary feather number (Figure 4.1). It is possible that Hg 

and Se concentrations in the feathers are related. As Hg concentrations decreased over 

feather growth, less Se was required to complex with the Hg, thus increasing Se 

concentrations in the primary feathers grown later.  

Similar to Hg, Pb can have developmental effects on young birds as well as 

cause sublethal to lethal effects on the nervous system, kidneys and circulatory system 

in young and adults.19 Concentrations of 4,000 ng/g Pb in feathers has been associated 

with impaired thermoregulation and locomotion, delayed parental and sibling 

recognition, altered feeding behavior and lowered chick survival in gulls.6 Only two 

hatch-year and two after hatch-year petrels in this study had Pb concentrations greater 

than 4,000 ng/g. However, one hatch-year petrel had a Pb concentration of 13,000 

ng/g. The cause of death of this individual is unknown but based on its feather Pb 

concentration it may have displayed signs of Pb toxicosis.  

Concentrations of elements in feathers are due to the diet of the species.6 Bonin 

petrels are one of only two petrel species to feed mainly on fish.1 The high 

concentrations of Sr in the hatchetfish and lanternfish are reflected in the Bonin 



Texas Tech University, Katherine R. Shaw, May 2019 

81 
 

petrel’s feathers. Strontium is an essential element, but at high enough concentrations 

essential elements can be toxic. Another essential element, Se, has been associated 

with toxic effects in birds at feather concentrations ranging from 1,800 ng/g to 26,000 

ng/g.6 All of the birds in this study are within this range. However, these values are not 

specific to seabirds and may not apply to Bonin petrel. Unfortunately, no toxicity 

threshold exists for most essential elements in petrels. Because of this, birds should 

continue to be monitored for changes in elemental concentrations over time to increase 

our understanding of potential toxicity of essential elements.  

Though breast feathers and primary feathers can provide useful information 

about elemental contaminants in birds, breast feathers should be used because they 

have been shown to best represent the plumage as a whole.6  As seen in this study, a 

lot of variation exists in elemental concentrations between primary feathers. Selenium, 

Cd, Cr, Hg and Pb concentrations in breast feathers were shown to have decreased 

since 2000. Because Bonin petrels are exposed to most elements through their food, it 

is possible heavy metals such as Pb and Hg have decreased in their food source of 

mesopelagic fish over the 15 years between studies. However, a large portion of birds 

in this study are still over the threshold for potential toxicity for these two elements. 

Continued monitoring should be conducted on Bonin petrel in the Northwestern 

Hawaiian Islands to gain more insight into effects of elemental contaminants on this 

population.   

 



Texas Tech University, Katherine R. Shaw, May 2019 

82 
 

References 
 
1. Seto, N. W. H. & O’Daniel, D. L. in The Birds of North America (eds. Poole, A. 

F. & Gill, F. B.) (Cornell Lab of Ornithology, 1999). 
2. Grant, G. S., Warham, J., Pettit, T. N. & Whittow, G. C. Reproductive Behavior 

and Vocalizations of the Bonin Petrel. Wilson Bull. 95, 522–539 (1983). 
3. Seto, N. W. H. & Conant, S. The Effects of Rat (Rattus rattus) Predation on the 

Reproductive Success of the Bonin Petrel (Pterodroma hypoleuca) on Midway 
Atoll. Colon. Waterbirds 19, 171–185 (1996). 

4. Gochfeld, M. et al. Metals in feathers of Bonin petrel, Christmas shearwater, 
wedge-tailed shearwater, and red-tailed tropicbird in the Hawaian Islands, 
northern Pacific. Environ. Monit. Assess. 59, 343–358 (1999). 

5. Bond, A. L. & Lavers, J. L. Trace element concentrations in feathers of Flesh-
footed Shearwaters (Puffinus carneipes) from across their breeding range. Arch. 
Environ. Contam. Toxicol. 61, 318–326 (2011). 

6. Burger, J. & Gochfeld, M. Metal levels in feathers of 12 species of seabirds 
from Midway Atoll in the northern Pacific Ocean. Sci. Total Environ. 257, 37–
52 (2000). 

7. Jensen, K. H., Rauch, S., Morrison, G. M. & Lindberg, P. Platinum group 
elements in the feathers of raptors and their prey. Arch. Environ. Contam. 
Toxicol. 42, 338–347 (2002). 

8. Burger, J. & Gochfeld, M. in Biology of Marine Birds (eds. Schreiber, E. A. & 
Burger, J.) 485–525 (CRC Press, 2002). 

9. Monteiro, L. R., Costa, V., Furness, R. W. & Santos, R. S. Mercury 
concentrations in prey fish indicate enhanced bioaccumulation in mesopelagic 
environments. Mar. Ecol. Prog. Ser. 141, 21–25 (1996). 

10. Monteiro, L. R. & Furness, R. W. in Mercury as a Global Pollutant (eds. 
Porcella, D. B., Huckabee, J. W. & Wheatley, B.) 851–870 (Springer, 
Dordrecht, 1995). 

11. Van Franeker, J. & Bell, P. J. Plastic Ingestion By Petrels Breeding In 
Antarctica. Mar. Pollut. Bull. 19, 672–674 (1988). 

12. Creed, J. T., Brockhoff, C. A. & Martin, T. D. U.S. Environmental Protection 
Agency, Report no. R-94-111,, Method 200.8, Revision 5.4: Determination of 
Trace Elements in Waters and Wastes by Inductively Coupled Plasma – Mass 
Spectrometry. (1994). 

13. Helsel, D. R. Nondetects And Data Analysis: Statistics for Censored 
Environmental Data. (John Wiley & Sons, Inc, 2005). 

14. Midway Atoll (Pihemanu). Papahanaumokuakea Marine National Monument 
(2019). 

15. Scheuhammer, A. M. The chronic toxicity of aluminium, cadmium, mercury, 
and lead in birds: A review. Environ. Pollut. 46, 263–295 (1987). 

16. Kaneko, J. J. & Ralston, N. V. C. Selenium and mercury in pelagic fish in the 
central North Pacific near Hawaii. Biol. Trace Elem. Res. 119, 242–254 (2007). 

17. El Begearmi, M. M., Sunde, M. L. & Ganther, H. E. A mutual protective effect 



Texas Tech University, Katherine R. Shaw, May 2019 

83 
 

of mercury and selenium in Japanese quail. Poult. Sci. 56, 313–322 (1977). 
18. Furness, R. W. & Palma, R. L. Using Bird Feathers to Measure Mercury in the 

Environment:Relationships between Mercury Content and Moult. Mar. Pollut. 
Bull. 17, 27–30. (1992). 

19. Fisher, I. J., Pain, D. J. & Thomas, V. G. A review of lead poisoning from 
ammunition sources in terrestrial birds. Biol. Conserv. 131, 421–432 (2006). 
 

  



Texas Tech University, Katherine R. Shaw, May 2019 

84 
 

 

CHAPTER V  

LEAD TOXICITY TO SEA TURTLES: A RISK ASSESSMENT 
 

Introduction 
 

Reptiles are the least studied of all vertebrates in environmental contaminant 

studies.1,2 This is can be attributed to their long generation times, small numbers of 

offspring produced, prolonged time to sexual maturity and the mistaken belief that 

they are difficult to keep in captivity.2 Of all reptile species, squamates such as lizard 

and snakes are easier to keep in large laboratory experiments than turtles or crocodiles. 

But these species are still understudied, just like all reptiles.2 

A very limited number of dose-response studies have been conducted with 

reptiles. Western fence lizards (Sceloporus occidentalis) can be easily bred and reared 

in the lab, making them an option for toxicity studies.3 Explosives, pesticides, 

endocrine disruptors and inorganic elements have all been tested on the Western fence 

lizard.3–8 One of the more difficult animals to maintain, crocodiles, were fed lead shot 

pellets and their blood Pb concentrations measured over 20 weeks.9 The maximum 

blood Pb concentration documented was about 5,240 ng/g. The crocodiles in this study 

appeared healthy and did not show any signs of lead toxicosis such as lethargy, 

anorexia, weight loss or poor growth. Compared to most avian species, who exhibit 

signs of Pb toxicosis at 500 ng/g, crocodiles appear to have a much higher tolerance to 
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Pb.10 This highlights the risk of directly applying toxicity reference values from one 

species to another.   

Turtles have also been represented in toxicity studies, but to a lesser degree 

then lizards. Pesticides, herbicides, fertilizers, and ammonia have been tested on 

snapping turtles (Chelydra serpentine), red eared sliders (Trachemys scripta elegans) 

and Chinese soft-shelled turtles (Pelodiscus sinensis).11–14 To our knowledge, only one 

study has been conducted on a sea turtle species, exposing loggerhead turtles (Caretta 

caretta) to weathered south Louisiana crude oil in a 21-day study.15  

Lead (Pb) toxicity to mammals and birds is well documented, but far fewer 

studies have studied Pb in reptiles. A few studies have examined reptiles exhibiting 

signs of lead poisoning, but dosing studies are lacking.3,4,16–18 Lead has been 

documented in the blood of all seven species of sea turtles. This includes hawksbill 

(Eretmochelys imbricata), Kemp’s ridley (Lepidochelys kempii), Leatherback 

(Dermochelys coriacea), Olive ridley (Lepidochelys olivacea), Flatback (Natator 

depressa), Green (Chelonia mydas) and loggerhead (Figure 5.1).  
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Figure 5.1: Locations of sea turtle populations with documented cases on lead in their 
blood. 
 

Sea turtles are primarily exposed to Pb through their diet.19–21 Some species are 

more likely to be exposed to Pb based on their place in the food chain; loggerhead 

turtles feed at higher trophic levels than green turtles do and often have higher 

concentrations of blood Pb.22 Unlike avian species, the toxicity of Pb to sea turtles is 

not known.  

Methods 
 

A literature search was conducted using a combination of keywords including 

“sea turtle lead Pb toxicity”. Blood Pb concentrations reported in dry weight were 

converted to wet weight using an 87% moisture content of blood and Equation 1 from 

the US Fish and Wildlife Service.23,24  

Equation 1:   WW = DW x [1 - (percent sample moisture/100)] 

A study by Buekers et al. examined the blood Pb concentrations in 10 bird 

species in 9 different studies and determined the No Observed Effects Concentration 
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(NOEC) for each study with growth, reproduction or hematology as endpoints. They 

then estimated a Hazardous Concentration (HC) by calculating the 5th percentile of 

NOECs which will then protect 95% of the species (HC5). They determined an HC5 of 

676 ng/g for Pb in the blood for birds.25  

Four studies orally administered lead acetate to bobwhite, western fence 

lizards, or red eared sliders with mortality or approximate lethal dose as endpoints. 

Lead acetate appears to be equivalently toxic to all 3 species, both avian and reptile 

alike1. While it is possible avian and reptile species are equally sensitive to Pb, to err 

on the side of caution a correction factor of 2.5 was applied to account for species 

differences, giving a toxicity value of 1,690 ng/g.26  

Results  
 

Results from the literature search exposed a range of blood Pb values (Table 
5.1). 
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Species Mean ± SD Range Location Year Reference 
Olive Ridley 20 ± 10 10-50 Oaxaca, Mexico 2012 27 
Olive Ridley 124 ± 23.4  Eastern Pacific, Mexico 2005 28 

Kemp’s Ridley 48.1 ± 24.2 12.9 – 91.9 Rancho Nuevo, Mexico 2002 29 

Kemp’s Ridley 23.3 ± 35.6 1.8 – 43.3 Southeast Atlantic 2002 
 

29 

Kemp’s Ridley 28.2 ± 26.2 0.6 - 179 Calcasieu Pass, Louisiana 2002 29 
Green 23 ± 11 8.0 - 55 Upstart Bay, Australia 2014 30 
Green 94 ± 36 30 - 180 Shoalwater Bay, Australia 2014 30 
Green 29 ± 17 4.4 - 70 Howick Islands, Australia 2014 30 
Green 1260 ± 222  San Diego Bay, USA 2007-2009 31 
Green 20 ± 20  Turkey 2018 32 
Green 18 ± 2.5 0.20 - 76 Boyne River Estuary, Australia 2011 33 
Green 770 ± 200  Chabahar Beach, Gulf of Oman 2015 19 
Green 70 ± 20 40 - 100 Boa Vista Island, Cape Verde Africa 2009 - 2011 34 
Green 339 ± 184 28.9 - 936 Kailua Bay, HI 2011 - 2013 35 
Green  69.3 ± 30.5 39.6 - 122 Kapoho Bay, HI 2011 & 2015 35 

Loggerhead 30 ± 10  Turkey 2017 32 
Loggerhead 30 ± 20  Casey Key, FL 2015 36 
Loggerhead 60 ± 20 10 - 100 Cape Verde, West Africa 2010 - 2011 37 
Loggerhead 180 ± 180  Murcia, Spanish Mediterranean 2003 – 2006 38 

Flatback <100  Curtis Island, Australia  39 
Leatherback 180 ± 50  French Guiana 2006 40 

Hawksbill 30 ± 20 20 - 60 Boa Vista Island, Cape Verde Africa 2009 - 2011 34 
Hawksbill 72.8 ± 32.5  Qeshm Island, Iran 2011 41 

Table 5.1: Lead concentrations (mean ± standard deviation, range where available, ng/g wet weight) in sea turtle populations. 
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The lowest mean Pb concentration occurred in a population of green turtles in Boyne 

River Estuary in Australia (18 ± 2.5 ng/g) and the greatest occurred in green turtles in 

San Diego Bay, CA (1,260 ± 222 ng/g).  Only one study was performed on Flatback 

turtles, who had a blood lead concentration of <100 ng/g and one study on leatherback 

turtles who had a blood lead concentration of 180 ± 50 ng/g.  

 The concentrations of Pb in the blood of sea turtles was compared with the 

NOEC in birds (676 ng/g) and the NOEC in birds multiplied by an adjustment factor 

of 2.5 (1,690 ng/g) Figure 5.2).   

Figure 5.2: Blood Pb concentrations in sea turtles around the world (ng/g). The green 
line represents the NOEC in birds and the orange line represents the NOEC in birds 
multiplied by a correction value of 2.5. 
 
Only two populations of sea turtles, green turtles near Chabahar Beach in the Gulf of 

Oman and green turtles from San Diego Bay, CA have mean concentrations above 676 
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ng/g. The mean blood Pb concentration of green turtles in Kailua Bay is less than 676 

ng/g, but the greatest concentration seen in that population is 936 ng/g. No population 

has turtles with blood Pb concentrations above 1,690 ng/g.  

Discussion 
 

Many studies in sea turtles have documented the concentration of elements in 

their blood, scutes and internal organs. All species of sea turtle are threatened or 

endangered, limiting sampling to non-invasive tissues in live turtles. Their risk of 

extinction also limits their use in laboratory toxicity studies. This has resulted in 

limited data on what concentrations of chemicals in their feed or within the body will 

cause harm. Instead, toxicity reference values from other species must be used to 

extrapolate toxicity to sea turtles.  

 The Tissue Residue Approach (TRA) uses concentrations of chemicals within 

tissues of an animal instead of environmental (external) concentrations. When using 

external concentrations, assumptions about food intake and bioavailability of the 

contaminant to that species must be made and this can increase the uncertainty of the 

toxicity. The TRA cuts out this step, and instead measures concentrations within the 

animal. Non-lethal testing is paramount for sea turtles, because their risk of extinction 

limits the use of organs such as the liver that scientists traditionally would use for 

toxicity tests. Blood is ideal because it represents recent exposure of the animal to Pb, 

only small quantities are needed to test for Pb, and it can be collected non-lethally.   

 The greatest blood Pb concentration in sea turtles found in the literature was in 

San Diego Bay, with a concentration of 1260 ± 222 ng/g. San Diego Bay is a highly 
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polluted estuary, having inputs from commercial and residential activities as well as 

dredging in the harbor that can reintroduce chemicals from past sources into the food 

web.31 If sea turtles have similar reactions to Pb as avian species, the sea turtles in San 

Diego Bay, CA, are at risk of Pb toxicosis, having blood Pb concentrations > 676 

ng/g. Sea turtles in Chabahar Beach in the Gulf of Oman, and Kailua Bay, HI are also 

at risk, having portions of their population with blood Pb concentrations >676 ng/g. A 

correction factor of 2.5 was applied to account for species differences, giving a 

toxicity value of 1690 ng/g. All turtles were below this concentration.  

 The three populations with elevated blood Pb, San Diego Bay, Chabahar 

Beach, and Kailua Bay, should continue to be monitored for Pb concentrations. Multi-

year recapture studies would help determine how Pb concentrations are changing in 

these turtles over time. The remaining populations all have mean blood Pb <200 ng/g, 

which is considered to be background concentration in birds and thus not expected to 

be of concern.42  

 Overall, the turtle populations studied appear to be below Pb toxicity values. 

However, it is unknown if the constant, low level exposure to Pb may be causing 

sublethal effects. For example, the green sea turtles in San Diego Bay are of breeding 

age, but it is not known if their offspring have any effects from maternal Pb 

offloading. It would be beneficial to monitor the hatching success and Pb 

concentration in hatchlings from adults that forage in San Diego Bay. Future studies 

should aim to establish Pb toxicity values using a freshwater turtle as a surrogate 
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species, because a freshwater turtle will likely have more similar responses to toxic 

chemicals than avian species or even other reptiles like lizards. 
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