Supplementary Table S1: Measurement conditions for electrothermal atomization and MHS 15 system in AAS 700.

	Parameter
	Selenium
	Mercury

	Lamp Current (mA)
	12.5
	6.0

	Wavelength (nm)
	196.0
	253.7

	Slit Width (nm)
	0.2
	0.2

	Drying Temp (ºC)/Ramp/Hold (s)
	140 / 15 / 5
	140 / 15 / 5

	Ashing Temp (ºC)/Ramp/Hold (s)
	1100 / 10 / 20
	1100 / 10 / 20

	Atomization Temp (ºC)/Ramp/Hold (s)
	2100 / 0 / 5
	2200 / 0 / 5

	Cleaning Temp (ºC)/Ramp/Hold (s)
	2600 / 1 / 3
	2600 / 1 / 3

	Chemical Modifier
	Mg (NO₃)₂
	Pd(NO₃)₂

	Carrier Gas / Flow Rate (L/min)
	Argon / 1.5
	Argon / 1.5

	LOD (µg/L)
	0.4
	0.2

	LOQ (µg/L)
	1.2
	0.6

	Calibration Range (µg/L)
	1–100
	0.5–75

	R² of Calibration Curve
	0.998
	0.996

	SRM Used
	NIST 1643e
	NIST 1643e

	Recovery (%)
	96.2%
	97.8%




Supplementary Table S2. Selenium and Mercury concentration in the blood and scalp hair of normal and Breast Cancer patients

	Group
	Hair Se (µg/g) mean ± SD
	Hair Se 95% CI (Lower–Upper)
	Hair Hg (µg/g) mean ± SD
	Hair Hg 95% CI (Lower–Upper)
	Blood Se (µg/L) mean ± SD
	Blood Se zone (µg/L)
	Blood Hg (µg/L) mean ± SD
	Hair Hg flag (>2 µg/g)

	Controls
	1.59 ± 0.29
	1.53–1.65
	1.19 ± 0.09
	1.17–1.21
	220.0 ± 8.19
	>120
	0.97 ± 0.05
	≤2

	T-I
	0.45 ± 0.09
	0.40–0.50
	2.85 ± 0.21
	2.73–2.97
	125.1 ± 5.35
	>120
	2.15 ± 0.35
	>2

	T-II
	0.41 ± 0.05
	0.38–0.44
	3.11 ± 0.31
	2.93–3.29
	102.2 ± 5.19
	70–120
	2.41 ± 0.31
	>2

	T-III
	0.34 ± 0.03
	0.33–0.35
	3.17 ± 0.39
	3.03–3.31
	78.1 ± 7.65
	70–120
	2.71 ± 0.15
	>2

	T-IV
	0.25 ± 0.01
	0.25–0.25
	4.31 ± 0.15
	4.25–4.37
	51.3 ± 5.75
	<70
	2.94 ± 0.11
	>2



Notes: Values are mean ± SD from summary tables. 95% CIs for hair biomarkers computed using hair-specific sample sizes (Controls n=96; T‑I n=12; T‑II n=11; T‑III n=30; T‑IV n=21) from the provided statistics output. Blood selenium zones are shown for clinical translation (<70 µg/L ~ GPx3 insufficiency; 70–120 µg/L ~ SELENOP saturation range; >120 µg/L above saturation). Hair mercury flag indicates whether mean exceeds ~2 µg/g population guidance.















Supplementary Table S3: Clinical and biochemical characteristics of referents and patients with different types of breast cancer
	Parameters
	Normal range
	Referents
	Types of Breast Cancer patients

	
	
	
	I
	II
	III
	IV

	Hb (mg/dl)
	11–14.5
	12.7 ±1.21
	9.30 ±0.22
	8.03 ± 0.35
	7.10 ± 0.29
	5.62 ±0.38

	RBC (×1012/l)
	3.5–4.5
	4.02± 0.30
	2.79 ± 0.15
	2.25 ± 0.18
	1.83 ± 0.10
	1.35 ± 0.17

	Hct
	39–49
	41.9 ± 1.05
	31.9 ± 1.22
	25.9 ± 1.95
	21.5 ± 0.92
	17.9 ± 1.26

	MCH (pg)
	27–32
	30.7 ± 0.62
	21.5 ± 1.44
	17.3 ± 1.06
	15.7 ± 1.21
	11.9 ± 0.98

	MCHC (g/dl)
	32–36
	34.8 ± 0.59
	25.6 ± 1.93
	22.7 ± 1.79
	19.2 ± 1.05
	16.5 ± 1.51

	MCV (fl)
	92.6–95.0
	93.6 ± 1.45
	72.5 ± 2.98
	67.0 ± 1.79
	62.7 ± 2.07
	58.5± 1.99

	Serum ferritin (ng/ml
	28–80
	53.9 ± 5.15
	112 ± 4.98
	129 ± 3.95
	147 ± 5.10
	165 ± 7.41

	TIBC (μg/100 ml)
	280–400
	293 ± 9.52
	472± 25.9
	528 ± 21.9
	593 ± 32.9
	685± 26.9


Abbreviations: -Hb= heamoglobin,  RBC= red blood cells; HCT= hematocrit; MCV= mean corpuscular volume; MCH= mean corpuscular heamoglobin; MCHC= mean corpuscular hemoglobin concentration; TIBC= Total iron binding capacity
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	Clinical Features

	Bilateral Mammography
	Image description: both breasts show normal fatty and glandular parenchyma.
There is a soft tissue density lesion with margin noted upper outer quadrant of right breast. No definite evidence of speculated mass or architectural distortion noted in left breast.
No suspicious micro calcification, skin or nipple change is noted in left breast.
Bilateral Axillary lymph nodes are enlarged. 
Impression: Appearance in the Right breast is suspicious of malignancy.
BIRAD 4: Suspicious of malignancy.
Would Recommended True cut biopsy for further evolution.   

	Surgical pathology Report (Biopsy) 
	Microscopic examination: histological examination of the section from submitted true cut biopsy taken from the Right breast lump, reveals breast tissue with morphological evidence of an infiltrating ductal cell carcinoma.
The tumor tissue shows minimal tubular formation (score 3/3), marked pleomorphism (score 3/3), and many mitosis (3/3).
The tumor consists of masses and nests of poorly differentiated tumor cells.
Lymphocytic infiltration, fibrosis and desmoplastic storma are evident.
Final conclusion: True cut biopsy Right breast lump:
Infiltrating duct cell carcinoma grade, I-IV on scale of Right breast according to Nottingham modification of the bloom Richardson’s grading system of Breast carcinoma.

	Tumor size CT Scan
For staging  
	1. There is heterogeneously enhancing soft tissue density with speculated margiinns seen in the Right breast parenchyma with mild surrounding fat stranding causing architectural distortion. It is approximately 2.3cm deep to the skin. It measures 1.3*1.5cm. Furthermore, there is skin thickening noted measures 1.2cm along with retracting of nipple.
Few rounded enlarged lymph nodes seen in Right axillary region. The largest one measure about 1.4cm with loss of hilum.   
2. Above-described findings are suggestive of biopsy proven case of carcinoma of Right breast with metastasis Right axillary lymphadenopathy as detailed. 

	Ultrasound 
	There is a huge complex lesion 13.0*12.7cm in size with irregular outlines in umbilical and hypogastric region non moveable with probe pressure mostly suggestive of mesenteric mass.
Confirmed (Positive) 

	Skeletal Scintigraphy 




	Bone scan was performed with Tc-99 MDP 10mci of the radio tracer was injected intravenously and whole-body static image were acquired 3 hours P.I un anterior and posterior projection.
Skeletal scintigraphy is suggestive of FOCAL bone pathology (suspicious) involving skull (middle) needs radiological correlation.
The pattern of radio tracer distribution over rest of dosolumber vertebrate is consistent with degenerative changes. However, the pattern of radiotracer distribution over both shoulder and knee joints is consistent with arthritis. 






